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THE NEUROANATOMICAL BASIS OF MENTAL DISORDER! 


W. R. ADEy? 
From the Department of Anatomy, University of Melbourne 


IT may appear somewhat presumptuous to 
suggest, as is implicit in the title, that the 
complexities of mental functions, and particu- 
larly that aberrations in mental activity, may 
be reduced to abnormal functioning in discrete 
neural systems. In fact, the title itself would 
appear to require some justification. 


The concept of the brain as the organ of mind 
is as old as the practice of medicine. Yet it is 
only in recent years, particularly with the 
advent of electrophysiological techniques, that 
it has been possible to probe deeply within the 
living brain and to obtain even a minimal 
concept of the physiological correlates of neural 
activity in the processes of consciousness. It 
is the question of correlation which should be 
stressed, for very few neurophysiologists would 
claim that the electrical records poured forth 
on penwriter and cathode-ray screen are more 
than the concomitants of mental activity, or 
that as yet they give very much indication as 
to the essential phenomenon of mentation. It 
is thus in a spirit of humble endeavour that the 
following experimental findings and opinions 
are presented, not in the belief that they offer a 
full and adequate explanation of mental 
disorder, but rather in the hope that they will 
indicate the lines of future research. As 
Bishop (1953) has so aptly remarked, an 
explanation should be both adequate and 
sufficient—sufficient to cover the gaps in 
specific information, and a necessary con- 
sequence of the information available. 

Our knowledge of the relationships between 
the electrical events in the brain and behavioural 
activity have progressed appreciably in recent 


1 Read at a meeting of the Section of Neurology and 
Psychiatry, Australasian Medical Congress (British 
Medical Association), Ninth Session, August 20 to 27, 
1955. 

2 Senior Lecturer. 
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years with the development, initially in animals 
and more recently in man (Heath et alii, 1953), 
of techniques permitting implantation of 
electrodes in a wide variety of the deeper 
structures of the brain and the recording of 
electrical activity for many months. 


THE ROLE OF CENTRAL BRAINSTEM PATHWAYS 
IN PROCESSES OF CONSCIOUSNESS 


In the waking state, when the attention is 
not actively directed towards some stimulus 
in the external or internal environment, or 
involved in intellectual processes requiring 
consecutive attention, a regular and rhythmic 
« rhythm at eight to twelve waves per second 
can be recorded widely from the cerebral 
cortex, particularly in occipital and parietal 
areas. This « rhythm is normally “ blocked ” 
by directing the gaze at some object, or by the 
performance of a simple mental task, and is 
then replaced by fast, low-voltage waves. 
This desynchronization of the cortical record 
may be long-continued when evoked by a 
stressing situation, constituting the “ alerting ” 
or “ arousal ’’ response. 


The central tegmental areas of the mid-brain 
(reticular formation) play an integral role in 
this response, and indeed in consciousness 
tself (Bremer, 1935, 1936, 1937 ; Ranson, 1939 ; 
iMiller and Spiegel, 1940; Murphy and Gellhorn, 
1945; Cairns, 1952). Restricted damage to 
these areas, not involving the more laterally 
situated lemniscal systems or the underlying 
cerebral peduncles, leads to a condition of 
permanent sleep. These central parts of the 
tegmentum form part of a “ non-specific ”’ 
afferent system through which a wide variety 
of sensory modalities, including: visual auditory 
and somatic sensibilities, gain ultimate access 
to the cerebral cortex. It is suggested that 
afferent sensory fibres enter these central zones 
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of the tegmentum as collaterals of ascending 
fibres in the lemnisci or directly from neurons in 
the main sensory relay nuclei, an arrangement 
to which Magoun has applied the term “ col- 
lateral activating system ”’ 

Activation of this non-specific afferent system 
is associated with desynchronization of cortical 
activity closely resembling the alerting response 





ENTORHINAL AREA 


FicureE I 


(A) Diagrammatic representation of the ascending 
reticular system (after Magoun). The reticular system 
is activated by collaterals from the more laterally 
situated lemniscal systems. The activity passes 
widely to the cerebral cortex via the reticular thalamic 
nuclei and is there responsible for the “ alerting ”’ or 
arousal response. (B) Arrangement of the main 
cortical areas (lateral sensorimotor, superior temporal 
gyrus, cingulate and entorhinal) capable of modifying 
upward reticular conduction (after Adey, Segundo and 
Livingston). Corticifugal projections from the ento- 
rhinal area appear prepotent in this respect. Abbrevia- 
tions: Afft. coll., afferent collateral fibre entering 
reticular formation from lemnisci ; cing. area, cingulate 
area; lat. sens. motor, lateral sensory motor cortex ; 
lemn. sys., lemniscal systems ; ret. activ. sys., reticular 
activating system; ret. form., reticular formation ; 
sup. temp., superior temporal gyrus 


to stimulation in the intact animal (French 
et alii, 1952). Much attention has been directed 
to this system, particularly by Magoun and his 
co-workers and also by Penfield and Jasper 
(1954). Originally envisaged as a series of 
slowly conducting multisynaptic pathways, it 
has become apparent that conduction within 
it involves a great variety of both slow-con- 


ducting and fast-conducting systems lying in 
close proximity in the central tegmentum 
(Figure IA). 

The term “reticular formation” has been 
applied to this central area of the brain stem, 
extending from the medulla below to the 
posterior extremity of the thalamus, and 
functionally continuous with various intra- 
laminar nuclei within the thalamus. These 
intralaminar nuclei are widely connected with 
the cerebral cortex and show only a very broad 
regional localization in their cortical projections 
(Jasper et alii, 1955). Objections have been 
raised to the use of the term “ reticular forma- 
tion’”’, on the grounds that it has not been 
possible to define its anatomical limits and that 
there is considerable evidence that conduction 
within the central tegmental areas is not 
confined to the longitudinally directed axons 
of the large reticular neurons described by 
Cajal (IgII). 

During light normal sleep the electro- 
encephalogram shows regularly recurring bursts 
of high voltage rhythmic waves, termed 
“spindles”’, with six to ten waves in each 
burst. An apparently identical phenomenon 
can be induced by circumscribed bilateral 
damage to the central tegmentum at the 
intercollicular level. The animal exhibits 
constricted pupils, deep regular respiration 
and muscular relaxation. Provided that the 
lemniscal systems remain intact, sensory stimuli 
continue to evoke electrical responses in the 
primary cortical receiving areas. Noxious 
stimuli will momentarily rouse the animal to 
movement, but it lapses almost immediately 
into its former state. Such stimulation also 
produces a temporary cessation in the trains 
of spindles in the cortical record. 


It is thus apparent that the central areas of 
the brain stem tegmentum are powerfully 
concerned in mechanisms of sleep and wake- 
fulness. 


THE CONTROL EXERCISED BY CORTICIFUGAL 
SYSTEMS ON UPWARD CONDUCTION IN THE 
CENTRAL BRAIN STEM TEGMENTUM 


Stimulation of the cerebral cortex can arouse 
the normally sleeping monkey to a state of 
wakefulness (Segundo e¢ alii, 1954). The 
stimulus thresholds vary widely from area 
to area, very weak stimuli being effective in 
some areas, whereas strong stimuli in other 
regions are quite ineffective. It was found 
that the most active zones in arousing the 
sleeping animal were in the superior temporal 
gyrus, the cingulate area and the sensorimotor 
cortex. In a parallel study (French ef alii, 
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1955), it was found that these regions showed 
major projections to the central regions of 
the brain stem in response to both electrical 
and strychnine stimulation. It is of interest 
that stimulation of such regions as the frontal 
pole and the occipital cortex failed to produce 
arousal and these regions did not show major 
projections to the brain stem. 

The evidence thus suggests that the reticular 
areas of the brain stem may be accessible not 
only to ascending sensory impulses from the 
periphery, but also to descending influences 
from the cerebral cortex. The latter hypothesis 
has been directly tested. | Hernandez-Peon 
and Hagbarth (1955) found that activity in 
reticular neurons could be modified by afferent 
volleys from the periphery and from the 
cerebral cortex. Adey, Segundo and Livingston 
(1955) found that certain cortical areas, 
including those capable of arousing the sleeping 
animal (namely, superior temporal gyrus, 
cingulate and sensorimotor areas) and particu- 
larly basal occipito-temporal cortex, were also 
capable of modifying upward conduction in 
central brain stem pathways in the monkey 
(Figure Is). The brain stem pathway in all 
experiments lay between the region of the facial 
nerve nucleus posteriorly and the nucleus of the 
centrum medianum of the thalamus anteriorly. 
Upward conduction in this pathway showed 
complex temporal interaction patterns with 
stimuli to a variety of cortical areas. It was 
found in these experiments that the basal 
occipito-temporal cortex, including the ento- 
rhinal area of the hippocampal gyrus, was more 
powerful in modifying upward conduction in 
this pathway than any other cortical area. 

It is stressed that the single reticular pathway 
tested, representing one of perhaps hundreds 
of similar pathways traversing this region of the 
brain stem, was capable of interaction with 
impulses from widely separated areas of the 
cortex. The picture must be multiplied a 
thousandfold before even a glimpse is possible 
of the overall complexity of the interrelation- 
ships between cortex and brain stem. In view 
of the potency of the basal areas of the temporal 
lobe, subsequent experiments have been largely 
directed to the entorhinal area (see below). 


BEHAVIOUR STUDIES FOLLOWING CORTICAL 
ABLATION AND STIMULATION 
The Frontal Lobes 

The clinical picture following resection of 
the frontal lobes in man and the higher primates 
is well known. It may be characterized by 
loss of affective responses, loss of insight and 
loss of the sustained drive and capacity to plan 
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so necessary in civilized living. The effects of 
frontal ablation have been fully reviewed 
elsewhere (Fulton, 1949, 1951; Mettler, 1949). 
The behaviour changes have been attributed 
to severance of the connexions between the 
frontal cortex and the dorso-medial thalamic 
nucleus. This is supported by the finding that 
an operative lesion restricted to this region of 
the thalamus may be followed by essentially 
the same behaviour changes as follow leucotomy 
(Spiegel et ali, 1951). 

Yet the unpredictable and highly variable 
results of surgical interference with the frontal 
lobes is too widely recognized to need repetition. 
It may be that other large and incompletely 
recognized connexions with _ subcortical 
structures may be as important as thuse with 
the dorsal thalamus (Yakovlev e¢ alii, 1950). 
They point out that degeneration of the anterior 
thalamic radiations following frontal lobotomy 
has been stressed to the exclusion of even more 
obvious degeneration in their material in the 
far greater mass of efferent projections which 
connect the frontal lobes to all levels of the 
neuraxis. In this regard the finding in the 
monkey of significant connexions running via 
the cingulum bundles between the medial 
frontal areas and the presubiculum of the 
hippocampus may be of interest (Adey and 
Meyer, 1952a). Bilateral removal of the 
cingulate gyrus (and presumably of the under- 
lying cingulum) in the human has been followed 
by at least temporary relief of emotional 
tension (Whitty e¢ alii, 1952). 

The variability of the results of both limited 
and extensive resections of the frontal lobe 
undoubtedly serves to highlight its connexions 
with subcortical structures which are them- 
selves capable of interaction with other cortical 
regions, their interaction with the frontal lobes 
being but one facet of a series of highly complex 
interaction patterns. It is therefore interesting 
to turn briefly to the temporal lobes in relation 
to behaviour changes, and to seek evidence of 
relationships between the temporal lobe and 
the arousal mechanisms of the brain stem. 


The Temporal Lobes 


The term “ rhinencephalon ”’ has been applied 
to the allocortical structures lying on the 
medial and basal aspects of the temporal lobe, 
including the amygdala, the cortex of the 
pyriform lobe and the hippocampal formation. 
Traditionally these areas have been regarded 
as olfactory, with the medial and lateral 
strie running caudally to innervate them. 
Experimental studies in the rabbit (Le Gros 
Clark and Meyer, 1947) and monkey (Meyer 
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and Allison, 1949) have indicated that the 
primary olfactory cortex receiving the termina- 
tions of the olfactory tract is, in fact, a much 
more restricted zone within this rhinencephalic 
area. This primary olfactory cortex includes 
the cortical and medial amygdaloid nuclei, the 
anterior portion of the pyriform cortex of the 
hippocampal gyrus and an adjoining strip on 
the basal aspect of the frontal lobe, the latter 
two adjoining zones constituting the temporal 
and frontal prepyriform areas. 

The remaining posterior portion of the 
hippocampal gyrus was named “l’écorce 
temporale postérieure ou supérieure’? by Cajal 
(t911), who noted its profuse and intricate 
connexions with the hippocampal formation. 
Brodmann (1909) gave the name “ entorhinal 
area’”’ to the same region, and this term is in 
current use. The afferent connexions from the 
entorhinal area to the hippocampus were 
described in man by Lorente de N6 (1933) and 
have been experimentally confirmed in the 
monkey (Adey and Meyer, 19525). 

It has been assumed that the fimbria and the 
fornix bundles constitute the only significant 
outflow from the hippocampus. Thus Papez 
(1937) in his review of a suggested mechanism 
of emotional activity proposed that neural 
activity takes place in a circuit from entorhinal 
area to hippocampus, thence via the fornix 
bundles to the mammillary bodies, where a 
further relay carries the activity to the anterior 
thalamic nuclei. These nuclei project in turn 
to the cingulate gyrus, whence activity is 
returned once more to the entorhinal area by the 
cingulum bundle (Figure IIA). 

Many portions of this circuit have been 
subjected to experimental anatomical proof. 
The connexions between the anterior thalamic 
nuclei and the cingulate cortex have been 
observed in Marchi preparations and b 
retrograde cell degeneration (Le Gros Clark and 
Boggon, 1933; Rose and Woolsey, 1949). 
In the monkey, fibres from medial areas of the 
frontal lobe and from anterior and posterior 
cingulate areas have been seen coursing 
posteriorly to enter the presubiculum of the 
hippocampal formation (Adey and Meyer, 
1952a). Experimental evidence for pathways 
from the entorhinal area to the hippocampus 
has already been mentioned. Section of the 
fornix in the rabbit (Sprague and Meyer, 1950) 
and monkey (Simpson, 1952) results in fibre and 
terminal degeneration in the mammillary body. 

There is thus a considerable body of evidence 
for the existence of a pathway running in the 
fashion envisaged by Papez (1937). Additional 
evidence will be presented in support of the 


hypothesis that an important afferent hippo- 
campal pathway runs caudally in the fornix 
from intralaminar thalamic nuclei and from 
septal areas. This pathway runs contrary to the 








Figure II 


(A) A mechanism of emotion (after Papez). Activity 
from the entorhinal area passes via the hippocampus 
to the fornix bundles and thence to the mammillary 
body. The mammillothalamic tract then conveys 
activity to the anterior thalamic nuclei which project 
to the cingulate cortex. Activity returns to the 
hippocampal formation once again via the cingulum 
bundles running posteriorly in the cingulate gyrus. 
(B) A scheme suggested by recent investigations, 
showing activity in the fornix running in the converse 
direction to Figure II (A). Here hippocampal activa- 
tion is induced from the reticular thalamic nuclei and 
passes in turn to the entorhinal area. Powerful 
connexions exist between the entorhinal area and the 
reticular formation (Figure I (B)). Abbreviations : 
a.c., anterior commissure ; am., amygdaloid complex ; 
ant. cing., anterior cingulate area; corp. call., corpus 
callosum ; hipp., hippocampal formation ; ins., insular 
cortex; m., mammillary body; med. front., medial 
frontal cortex ; post. cing., posterior cingulate area ; 
ret. form., reticular formation; sept., septal area ; 
temp. pole, cortex of temporal pole; th., thalamus 


accepted views of conduction in the fornix, and 
after relaying in the hippocampus and entorhinal 
area, continues its downward course to the 
mid-brain tegmentum, terminating in those 
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areas discussed above in connexion with 
mechanisms of sleep and wakefulness. 


Effects of Extensive Bilateral Temporal 
Lobectomy.—Profound changes in behaviour 
following bilateral temporal lobectomy in the 
monkey were first reported by Bucy and 
Kliiver (1940). The intractable macaque 
monkey became extremely tame and submitted 
to petting and handling. While the operation 
caused no sensory defect, there was a major 
alteration in the animal’s powers to comprehend 
the significance of objects in its environment. 
Kliiver has coined the term “‘ psychic blindness ”’ 
to describe the condition. Objects in the cage 
were repeatedly examined and discarded, only 
to be examined anew as though never seen 
before. Oral tendencies were pronounced, and 
most objects examined were placed in the 
mouth. Dangerous objects, such as snakes, 
which provoke extreme fear in the normal 
animal, were handled without hesitation. Social 
behaviour, as in grooming and resistance to 
provocative acts by cage-mates, disappeared. 
Sexual activity, which might be autosexual, 
homosexual or heterosexual, often dominated 
the behaviour pattern. These changes remained 
constant for periods of several years after 
operation. 

Attempts have been made to elucidate the 
complex elements of this behavioural picture 
by resections of limited portions of the temporal 
lobe. Attention has been directed particularly 
to the amygdaloid complex (Bard and Mount- 
castle, 1948; Anand and Brobeck, 1952; 
Gastaut, 1952; Schreiner and Kling, 1953), to 
the hippocampal formation (Bard and Mount- 
castle, 1948) and more recently to the entorhinal 
area (Adey e¢ alii, 1955). It must be stressed 
that restricted removal of portions of the 
temporal lobe, even when performed stereo- 
taxically, involves considerable _ technical 
difficulties. Incidental damage to adjoining 
structures frequently complicates the post- 
operative behaviour pattern. 


Effects of Amygdaloid Resection.—In a limited 
series of lesions in the cat not extending 
significantly beyond the amygdaloid complex, 
Bard and Mountcastle (1948) noted relatively 
permanent rage and savageness, which appeared 
several months after placement of the lesions. 
However, in a more extensive series of ablations 
of the amygdala in the cat, Schreiner and Kling 
(1953) found that while increased irritability 
was present after operation in two out of a 
series of 20 animals, the behaviour of the 
remainder was characterized by increased motor 
activity in response to _ visual stimuli, 
exaggerated oral and vocal behaviour, relative 


docility and a state of hypersexuality. The 
most obvious changes were in the fields of 
affective behaviour and sexual activity. 


It is of interest that stimulation of the 
amygdala in the conscious human is followed by 
profound alterations in consciousness (Penfield, 
1954) and that, if carried to the point of an 
amygdaloid seizure with after-discharge, it is 
accompanied by automatic behaviour as seen 
in psychomotor epilepsy. Much uncertainty 
still surrounds the problem of the connexions 
of the amygdala. Lesions involving the 
amygdaloid complex are followed by degenera- 
tion in the stria terminalis bundles which can be 
traced to their termination in the ventromedial 
hypothalamic nucleus, but no degeneration 
can be detected in the hippocampus or entorhinal 
area (Adey and Meyer, 19520). The latter 
finding is supported by physiological evidence 
from amygdaloid stimulation. Gloor (1954) and 
more recently Green and Adey (1955) found 
responses in the hippocampus only after a 
long latent period which suggested a multi- 
synaptic pathway. However, impulses running 
in the opposite direction reach the amygdala 
after a brief latent period. Systematic explora- 
tion of the diencephalon and the nature of the 
responses suggest that these impulses may 
travel in the fornix to reach the amygdala 
without synapse (Green and Adey, 1955). 
Retrograde cell degeneration in the mid-line 
and intralaminar thalamic nuclei follows 
rhinencephalic injury (Rose and Woolsey, 
1949). 

Effects of Lesions in the Hippocampus and 
Entorhinal Area.—The technical difficulties of 
removing the hippocampus without damage to 
adjacent structures are almost insurmountable. 
However, Bard and Mountcastle (1948) noted 
increased pleasure reactions following bilateral 
resection of the hippocampus through an 
aperture in the overlying neocortex. 


Removal of the entorhinal area is also 
technically difficult. However, in the Australian 
marsupial phalanger (“ possum ”’) this procedure 
has been accomplished bilaterally through a 
dorsal approach, only minimal damage to 
occipital neocortex being involved and the 
hippocampus and amygdaloid formation being 
left intact (Adey et alii, 1955). 


The post-operative changes in behaviour are 
profound. The phalanger normally displays 
considerable fierceness, resisting attempts at 
handling by standing on its hind limbs and 
making vicious biting and clawing movements 
to an accompaniment of harsh, high-pitched 
vocalization. Observation of the operated 
animals, which is a continuing project, for as 
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long as four months after operation has indicated 
that they become tame and tractable to 
handling, with no resentment of behavioural 
insults which greatly rouse the normal animal. 
Despite their tameness and tractability, these 
animals show a considerable capacity for 
sustained and directed behaviour, as in enlarging 
small orifices in their cages to permit escape. 
They show great curiosity and sniff persistently 
at the examiner’s hand, standing on their 
hind limbs to do so. Recordings of evoked 
auditory potentials in these animals resemble 
those from lightly sleeping normal animals. 


It will be recognized that many of these 
elements of behaviour change resemble those 
noted by Bucy and Kliiver (1940) in monkeys 
after a much more extensive bilateral temporal 
lobectomy, suggesting that the entorhinal 
area may be a key region in behaviour 
mechanisms. This concept is supported by the 
electrophysiological evidence already cited of 
its projection to mid-brain tegmental areas 
(Adey, Segundo and Livingston, 1955) and our 
experimental histological findings of such con- 
nexions to be mentioned below. 


Stimulation of the hippocampus in the 
conscious cat is accompanied by an “ arrest 
reaction’”’ resembling petit mal. The animal 
abruptly ceases whatever activity previously 
engaged its attention and stares vacantly ahead. 
A similar arrest reaction follows stimulation 
of the fornix (Hunter, 1950 ; Kaada and Jasper, 
1952). These behavioural changes may result 
from impulses travelling forward in the fornix 
to reach the mammillary body and posterior 
hypothalamus. It was here that Ranson (1939) 
found that lesions produce somnolence, although 
he considered that the mammillary body was 
not the only centre concerned. On the other 
hand, section of the fornix does not result in 
somnolence, or indeed, in any very clear changes 
in behaviour (Allen, 1948). Moreover, the 
seizures in the cerebral and cerebellar: cortices 
which follow stimulation of the fimbria or 
fornix are not blocked by section of the fornices 
anterior to the level of stimulation, or by a 
variety of thalamic or hypothalamic lesions 
involving complete destruction of the mam- 
millary bodies (Green and Morin, 1953). 


It therefore seems necessary to direct 
attention to the possibility of a hippocampal 
outflow through the basal cortex of the ento- 
rhinal area and adjacent parts of the pyriform 
lobe, and, in addition, to discuss the mounting 
evidence for hippocampal afferent pathways 
from the “reticular ’’ thalamic nuclei running 
caudally in the fornix. It is emphasized that 
such caudally directed pathways are envisaged 


as complementary rather than contrary to the 
accepted view of the entorhinal cortex forming 
a major source of hippocampal afferent fibres. 
Yet the role of these caudally directed paths in 
the processes of alerting and arousal appears 
of the first importance. 


THE ROLE OF THE HIPPOCAMPUS IN THE 
PHENOMENON OF AROUSAL AND THE 
MECHANISMS OF ITs ACTIVATION FROM 
BRAIM STEM AREAS 


Connexions from Brain Stem to Hippocampus 
via the Fornix Bundles 


Peripheral stimulation produces two types 
of response in the hippocampus. Stimulation 
of a peripheral nerve, or stimulation with a 
click or flashing light, is followed by an initial 
sharp response (Gerard e¢ alii, 1936; Robinson 
and Lennox, 1951; Green and Arduini, 1954; 
Green and Adey, 1955). This primary response 
is succeeded by one or more slow waves varying 
in frequency from two to five per second 
(Gerard et alii, 1936; Jung and Kornmiiller, 
1939; Maclean e¢ alii, 1952; Liberson and 
Cadilhac, 1953; Green and Arduini, 1954; 
Green and Adey, 1955). 


Using implanted electrodes in chronic animals, 
and in studies in unanesthetized animals 
immobilized with curare, Green and Arduini 
(1954) have observed the relationships between 
activity in the hippocampus and the cerebral 
cortex during alerting or arousal to physiological 
stimuli, such as a click, a flash of light, pinching, 
or exposure to an animal of the opposite sex or 
of a different species. In this way much 
information has been gained about the initiation 
of slow-wave trains in the hippocampus. 


It appears that this wave response is a 
relatively stereotyped concomitant in the 
hippocampus of the arousal or alerting reaction 
in the neocortex, and that a curious inverse 
relationship appears to exist between the 
rhythmic activity of the cerebral cortex and 
that of the hippocampus. Concurrently with 
records of the cortical « rhythm of the conscious 
but resting animal, the hippocampus shows an 
essentially asynchronous and rapid discharge. 
These findings are reversed during arousal by 
peripheral stimulation. The « rhythm in the 
cortical record is replaced by rapid “ desyn- 
chronized”’ activity, and simultaneously the 
hippocampal record slows to a reguviar high 
amplitude discharge at two to five waves per 
second. This hippocampal discharge may 
persist for many seconds, particularly when the 
stimulus involves new and possibly stressing 
situations. Green and Arduini found that the 
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slow-wave response in the hippocampus followed 
stimulation of the reticular areas of the brain 
stem, including various parts of the mid-brain 
tegmentum and .intralaminar thalamic nuclei, 
and also from the hypothalamus, the preoptic 
region and the septum. Moreover, lesions in 
the septal area abolished both the hippocampal 
primary and slow-wave responses to both 
brain stem and peripheral stimulation (Figure 
IIb). 

A careful exploration of all levels of the 
brain stem of the cat above the lower mid-brain 
(Green and Adey, 1955) has extended and 
confirmed the observation that impulses are 
conducted caudally in the fornix to the hippo- 
campus. These responses have been carefully 
tested to preclude the possibility that they 
might result merely from antidromic conduction 
in the fornix. Slow-wave hippocampal responses 
to alerting stimuli persist in the complete 
absence of entorhinal cortex (Adey, Merrillees 
and Sunderland, 1955), which strongly supports 
the fornix as their means of entry into the 
hippocampus. 

There is an interesting phyletic difference 
in the length of the trains of hippocampal 
slow waves in response to an alerting stimulus. 
Thus in the rabbit they are frequently main- 
tained for many seconds, while in the cat they 
rarely last for more than a few seconds. In 
the monkey it is rare to see more than one or 
two waves under the conditions of an acute 
experiment, despite large primary hippo- 
campal responses. It is suggested that this 
more rapid damping of long trains of hippo- 
campal waves in the higher animals may 
result from an inflow to the hippocampus 
along the classical pathway from the entorhinal 
area, and may reflect the increased cortical 
development in the primate. 

These slow-wave responses in the hippo- 
campus closely resemble the @ rhythms recorded 
in the temporal areas in children and psycho- 
pathic adults (Grey Walter, 1950). In children 
they are evoked by both pleasurable and 
unpleasant situations. In adults they are 
frequently associated with criminally aggressive 
and anti-social behaviour. 


Connexions from Entorhinal Area to Brain 
Stem 

If, as seems probable from the evidence 
presented above, extensive pathways exist 
from the diencephalon and upper part of the 
mid-brain to the hippocampus, particularly 
from those areas known to be concerned in 
arousal (French, Amerongen and Magoun, 1952), 
it is interesting to consider the pathways by 


which the hippocampus may influence cortical 
arousal. It is conceivable that cortical desyn- 
chronization and rhinencephalic activation result 
from excitation of two entirely separate 
mechanisms within the reticular thalamic 
nuclei, with activity in the rhinencephalon 
playing no part in the processes of arousal and 
awareness, It appears more likely, from the 
evidence presented above, that the two processes 
are intimately interlinked, either by convergence 
of different afferent paths on common cortical 
areas, or through convergence on common 
zones within the brain stem. 


While a comprehensive answer is not yet 
possible, significant pathways have been found 
to exist from the hippocampus to adjacent 
temporal lobe structures, including the ento- 
rhinal area, and these in turn establish con- 
nexions with the central tegmental areas of the 
mid-brain concerned in sleep and wakefulness. 
The evidence thus suggests a recurrent or 
reentrant type of neural pathway, such as 
might be expected in processes of continued 
attention and arousal, with activity passing 
back and forth between the hippocampus and 
different levels of the reticular formation. 


As has been mentioned above, cerebral and 
cerebellar cortical seizures from stimulation 
of fimbria or fornix persist after section of the 
fornices anterior to the level of stimulation, and 
cerebellar discharges persist after coagulation 
of all dorso-lateral cerebral cortex, only the 
basal cortex with the parolfactory area and 
pyriform cortex remaining (Morin and Green, 
1953; Green and Shimamoto, 1953). Support 
for such a caudally directed hippocampal 
outflow comes from Cajal’s observation (1911) 
that fibres enter the subiculum from the hippo- 
campus, in addition to those running the 
accepted course of the temporoammonic tracts. 
He considered that the subiculum might give 
rise to a projection tract with a destination as 
yet undetermined, which yet might run the 
initial part of its course in the fimbria. 


In view of the profound tameness following 
bilateral entorhinal ablation in our experiments, 
histological evidence has been sought (with 
silver staining techniques) of direct fibre 
pathways from entorhinal area to brain stem. 
It has been found in the phalanger that 
unilateral removal of the entorhinal area is 
followed by massive bilateral degeneration in the 
stria medullaris bundles running caudally on the 
dorsal aspect of the thalamus. These degenerat- 
ing fascicles fan out below the posterior 
commissure in the tegmentum of the upper 
part of the mid-brain, with numerous degenerat- 
ing terminals surrounding the cells adjoining 








the periaqueductal grey matter. Scattered 
fine degenerating fibres are present within the 
central grey matter. The degeneration can be 
traced caudally to the mid-pontine level (Adey 
et alii, 1955). 

Thus in summary there is a very considerable 
body of evidence, behavioural, electrophysio- 
logical and histological, to support the 
hypothesis of hippocampal activation through 
the fornix from the reticular thalamic, hypo- 
thalamic and septal areas of the diencephalon. 
These regions are themselves activated by a 
wide variety of sensory modalities, and form 
part of a “non-specific” cortical activating 
system. The hippocampus may in turn send 
impulses through the entorhinal area to the 
mid-brain tegmentum, where they may initiate 
further modifications in the upward stream of 
neural activity in the reticular formation. 


CLINICO-PATHOLOGICAL CONSIDERATIONS 


For obvious reasons, much of the work 
reviewed here has been performed in animals, 
but certain significant observations have been 
made primarily in the clinical field. 


It is many years since Meyer (1936) pointed 
out that certain regions of the cerebrum, 
particularly the hippocampus and_ globus 
pallidus, show a selective vulnerability to 
various toxic agents. This selective lesion of 
the hippocampus, or more precisely, of a 
well-defined sector of it, occurs as a result of 
every kind of anoxemia, as in poisoning with 
carbon monoxide, carbon dioxide, cyanide and 
ether, and in head injuries. It is possible 
that the essential lesion is a vasomotor one, 
since the vulnerable regions are ischemic as 
compared with adjacent hyperemic areas. 
It is possible that the efficacy of carbon dioxide 
in psychiatric treatment may be explained in 
terms of its selective interference with 
metabolism in the rhinencephalon. 


The relationship of anoxic episodes, particu- 
larly at birth and in infancy, to the hippocampal 
sclerosis accompanying behaviour disorders, 
has been examined in a series of 18 temporal 
lobes removed at operation by Meyer et alii 
(1954). Fourteen lobes were removed because 
the subjects showed disordered behaviour, 
and four contained tumours. Laminar atrophy, 
particularly in the third cortical layer, was 
often found in the depths of the sulci and was 
considered a consequence of anoxia. Hippo- 
campal sclerosis was present in seven out of 
12 patients with disordered behaviour, and in 
all cases in which the onset of the disease was 
before the age of ten years. It could not be 
correlated with a history of birth injury or 
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with preceding major covulsions. Meyer et alii 
concluded that incisural sclerosis could not be 
considered to result exclusively from birth 
mechanisms, and that later events, including 
encephalitic episodes accompanying the acute 
infectious diseases in infancy, childhood and 
early adolescence, played at least an equal 
part. 


Liddell and Northfield (1954) have described 
two cases of temporal lobe epilepsy with 
strikingly disordered behaviour beginning in 
early life as a result of head injury. Temporal 
lobectomy was performed with amelioration 
of behaviour and a steady improvement in 
intelligence. There was also maturation in 
the electroencephalographic patterns. The 
preoperative behaviour disturbances resembled 
the syndrome described by Kliiver and Bucy in 
monkeys after temporal lobectomy. The 
patients showed excessive orality and talked 
incessantly. They greatly enjoyed simple quips, 
and one recited childish rhymes of his own 
invention. Both were restless and meddlesome, 
interfering with other people’s activities, and 
failed to learn from their rebuffs. They showed 
poor memory and perseveration of speech. 


General intelligence is relatively unimpaired 
after temporal lobectomy for psychomotor 
epilepsy (Meyer and Yates, 1955), although 
specific abilities may be impaired, at least 
temporarily. However, a significant learning 
disability may result which does not appear to 
be a function of the level of intelligence, or 
to result from intellectual changes following 
operation. This learning disability is strongly 
associated with lesions of the dominant hemi- 
sphere 


SUMMARY 


Research in a number of disciplines has been 
directed in recent years to the basic problem 
of relating physiological activity in the nervous 
system to mechanisms of consciousness and 
emotional arousal. While no significant light 
has yet been shed on the essential nature of 
mental processes, it may reasonably be claimed 
that considerable advances have been made 
in the elucidation of the functional inter- 
relationships of various regions of the brain in 
the processes of consciousness. 


Electrophysiological and behavioural studies 
have indicated that the central tegmental areas 
of the mid-brain and certain parts of the 
diencephalon (‘reticular formation’’) are 
intimately concerned in sleep and wakefulness. 
These centres are played upon both by ascending 
sensory influences and by descending cortical 
projections from a variety of cortical areas. 
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They are thus involved in neural integration 
at a high level. 

Recent studies have shown that the hippo- 
campal regions of the temporal lobe are involved 
in the process of arousal, since they receive 
projections from the reticular formation through 
the fornix bundles and respond to all alerting 
stimuli with a slow rhythmic discharge at two 
to five waves per second. Evidence is presented 
that this hippocampal excitation may be passed 
via the entorhinal area to the mid-brain 
tegmentum. 

These slow rhythmic discharges recorded 
directly in the hippocampus closely resemble 
the slow electrical rhythms recorded by the 
electroencephalograph in the temporal areas 
of emotionally immature and psychopathically 
aggressive patients. 

Profound changes in behaviour follow total 
removal of temporal lobes. Restricted removals 
of portions of the temporal lobes, such as the 
amygdala, hippocampus and entorhinal area, 
are likewise followed by significant modifications 
inbehaviour. The physiological and anatomical 


interrelations between these regions are 
discussed. 
Recent clinical studies of disordered 


behaviour resulting from lesions of the temporal 
lobe are reviewed. The relationship between 
sclerosis of the hippocampus and asphyxial and 
encephalitic episodes in early life is stressed. 
Neonatal asphyxia, infantile convulsions and 
cerebral complications of the acute infectious 
diseases of childhood would appear to contribute 
a significant proportion of behaviour abnor- 
malities in later life. It seems that the hippo- 
campus may be selectively vulnerable during 
asphyxial episodes. 

It would appear that the obstetric and 
pediatric implications of these findings pose 
problems of great significance in the manage- 
ment of labour and in the care of virtually 
universal acute infections of childhood. 
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INVESTIGATION OF A HASMORRHAGIC DISEASE DUE TO BETA- 


PROTHROMBOPLASTIN DEFICIENCY COMPLICATED BY A 
SPECIFIC INHIBITOR OF THROMBOPLASTIN FORMATION! 
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From the Baker Medical Research Institute and Alfred Hospital Clinical Research Unit, 
Melbourne 


THE physiological system which controls the 
fluidity of circulating blood contains both 
activators and inhibitors of clotting. It is 
possible that under pathological conditions 
inhibitors increase to a concentration which 
upsets the equilibrium; as a consequence 
a hemorrhagic tendency develops. Two 
conditions are known in which coagulation 
inhibitors appear in circulating blood. In the 
one patients who previously did not have a 
coagulation abnormality develop in connexion 
with a disease or pregnancy a bleeding tendency 
due to an anticoagulant. Patients in this 
group have not had blood transfusions prior to 
the onset of the hemorrhagic tendency. In the 
other condition congenital bleeders of the 
hemophilic group who at first benefited by 
blood transfusions become refractory to further 
transfusions. 


It is possible that the inhibitor of the first 
condition is formed by an auto-immunization 
process and acts against a component essential 
for clotting. In the case of hemophilics it is 
probable that the patients are immunized by 
the transfusion of that clotting factor which is 
missing from their blood and which acts as an 
antigen. The inhibitor represents the antibody. 


It is established that the clinical syndrome of 
hemophilia may be due to either of two 
unrelated deficiencies. We have called one of 
them «-prothromboplastin deficiency («-hemo- 
philia, classical hemophilia) and the other 
8-prothromboplastin deficiency (8-hzmophilia, 
Fantl and Sawers, 19544; PTC deficiency, 
Aggeler et alii, 1952; Christmas disease, 
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Biggs et alii, 1952). It is to be expected that 
inhibitors could be formed in consequence of 
multiple transfusions in both types of deficiency. 
Twenty-seven cases in which blood transfusion 
failed to correct the coagulation defect have 
been collected from the literature. A hypo- 
thetical antibody specific against a particular 
component has been inferred on a theoretical 
basis; that is, if the patient lacks «-pro- 
thromboplastin the immune antibody is an 
antagonist of that factor, and a similar assump- 
tion could be made in the case of 8-prothrombo- 
plastin deficiencies. The only direct evidence 
for such specificity of the inhibitor as an 
antibody has been given by positive results to 
precipitin tests. However, this is an infrequent 
finding and doubt about the specificity has 
been raised. 

It is the purpose of this paper to produce 
experimental evidence of the existence and 
mode of action of a species-specific antagonist 
of § prothromboplastin which has occurred 
in the blood of a male congenital bleeder who 
is suffering from a complete $-prothrombo- 
plastin deficiency. 


CASE REPORT 

The patient (MJ-1)® is a boy of seven years of age 
who first attended this hospital on November 25, 1955. 
From the age of two months he had suffered from 
recurring episodes of bleeding which included epistaxes, 
ecchymoses, prolonged bleeding from wounds, hem- 
arthroses and hematuria. He had received nine blood 
transfusions on different occasions. At the age of 
two years it had been observed that “ blood trans- 
fusions had been very effective in the past but now the 
child’s coagulation rate seems to be unaffected by blood 
transfusion’’, for the coagulation time was still 
prolonged four hours after transfusion. 

No further studies were made, but later transfusions 
appeared to benefit the patient clinically. Preceding 
this investigation he had suffered from many epistaxes, 
but had not received a transfusion since April, 1955. 

Physical investigation yielded essentially negative 
findings except for ‘‘ hemophilic arthritis’ affecting 


6 Code reference in a survey being made in the State 
of Victoria; the letters indicate pedigree and the 
numerical suffix indicates the patient. 
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several joints. The family history revealed that the 
maternal grandfather had suffered excessive bruising 
and frequently had to miss work on account of hemor- 
rhages. He died at the age of fifty-two years from an 
intracranial hemorrhage. His brother died of hemor- 
rhage at the age of approximately seven years. The 
grandfather of MJ-1 had several children including 
three girls. One was sterile, another had one child, 
a son, and the third, the mother of MJ-1, had one 
normal boy and a girl in addition to the patient. 


The conclusion on clinical grounds is that 
there is good evidence to suggest that the 
patient suffers from a familial form of hemo- 
philia. 


Experimental Techniques 


Collection of human blood and the deter- 
mination of several clotting factors were carried 
out as described previously (Fantl and Sawers, 
19540). 

Dog’s blood was obtained from the femoral 
vein, rat’s blood by heart puncture, guinea-pig’s 
blood from the abdominal aorta and rabbit’s 
blood by cannulation of the carotid artery. 
In the two last-mentioned cases silicone-coated 
cannule were used. The animals were anes- 
thetized with ether. 

The thromboplastin generation test was 
carried out by the modification of Bell and Alton 
(1954) of the test described by Biggs and 
Douglas (1953), except that oxalated plasma 
treated with barium sulphate (Ba-plasma) 
was used instead of aluminium hydroxide 
treated plasma. 

The rate of thrombin formation was measured 
according to Fantl (1954). In some cases in 
which cell-free plasma was used in this reaction, 
platelets or a chloroform extract of human 
brain was added. 

Fibrinogen content was determined after 
the addition of thrombin to oxalated plasma, 
and the resulting fibrin was washed free from 
protein with 0-15M sodium chloride solution. 
Fibrin nitrogen and other protein nitrogen 
determinations were carried out by a micro- 
kjeldahl procedure, and in some cases proteins 
were determined by ultra-violet absorption of 
solutions in 0-IN caustic soda at 280 mu. 

Thrombin clotting time was measured with 
0-2 millilitre of oxalated plasma and 0-2 
millilitre of bovine or human thrombin dis- 
solved in 0-15M sodium chloride. 

Paper electrophoresis was carried out in 
“veronal” buffer at pH 8-6, u=0-05. The 
protein fractions were quantitated by the use 
of an “ Eel”’ apparatus and an “ Eel ”’ scanner. 

The euglobulin fraction was prepared as 
follows: One volume of oxalated plasma was 
diluted with ten volumes of cold distilled water, 
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one drop of secondary octyl alcohol was added 
to prevent foaming and carbon dioxide was 
bubbled through the solution for five to ten 
minutes. The precipitate was collected by 
centrifugation ; the deposit was drained well 
and dissolved in half the original plasma volume, 
in a solution containing 0-15M sodium chloride 
and 0-o18M acid sodium carbonate. 

The globulin fractions were prepared as 
follows: Oxalated plasma was used fresh, 
serum was obtained from blood which was 
kept for twenty-four hours at 37°C. Plasma 
or serum was treated with one-tenth of its 
volume with freshly prepared barium sulphate 
suspension containing 300 milligrammes of 
barium sulphate per millilitre for half an hour 
with frequent stirring. After centrifugation 
one volume of the clear Ba-plasma was diluted 
with two volumes of cold distilled water, and 
one volume of saturated ammonium sulphate, 
pH 6-5, was added dropwise with stirring. 
The deposit obtained after centrifugation was 
drained well and dissolved in 0:15M sodium 
chloride solution containing 0-01M sodium 
oxalate (first fraction, Fr). To the supernatant 
from the first fraction saturated ammonium 
sulphate was added until 46% saturation was 
reached, and the precipitate was dissolved in 
the sodium chloride-oxalate solution as for the 
first fraction (second fraction, F2). The super- 
natant from the second fraction represents the 
third fraction (F3). The three fractions were 
dialysed against the abovementioned sodium 
chloride-oxalate solution until free from 
ammonium sulphate. All operations were 
carried out at 6°C. 

The following adsorbate technique was used : 
Five millilitres of oxalated plasma or serum 
were treated with barium sulphate as described 
above. The barium sulphate adsorbate (Ba- 
adsorbate) was centrifuged and the deposit 
was washed with 0:15M sodium chloride until 
free from protein. To the adsorbate was 
added 1-0 millilitre of the globulin fraction (F2), 
and the mixture was stirred frequently for an 
hour at room temperature. The supernatant 
fluid was tested for inhibitory activity. 


RESULTS 


The following results summarized in Table I 
were obtained. 

An inspection of Table I indicates that the 
results obtained from the one-stage prothrombin 
technique are normal and agree with the assay 
procedure. Therefore the components of the 
prothrombin complex, namely prothrombin, 
prothrombin accelerator and proconvertin, are 
present in adequate concentration and activity. 
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The concentration of fibrinogen is normal and 
its reactivity towards thrombin is not impaired. 
This excludes the presence of heparin. Platelets 
were also present in normal number and 
function. However, it is apparent that there 
is in the patient’s venous blood a gross abnor- 
mality connected with the thromboplastin 
complex as indicated by the greatly prolonged 
clotting time, delayed plasma recalcification 
time and inability to form blood thrombo- 
plastin. Because of this defect a more detailed 
investigation was carried out. 


TABLE I 
Coagulation Data of Venous Blood from Patient M J-1 





Observation Patient Normal 





Whole blood clotting time in minutes : 
Traumatic puncture 7 10 
Atraumatic puncture . 240 to 360 

Plasma recalcification time in minutes 26 to 75 2°5 to 6 

Thromboplastin generation time in 


8 to 20 


minutes >30 2 to 10 
Rate of thrombin formation in whole 

blood in minutes... >60 14 to 19 
Fibrinogen in aaa cenit ‘per 100 

millilitres e 290 200 to 400 
Fibrinolysis an ae Absent Absent 
Thrombin clotting time in seconds 23 24 
Plasma prothrombin time in seconds. . 13 Ir to 14 


Serum prothrombin after 30 hours at 
37°C. in percentage of — 


prothrombin .. ‘ 70 o to 12 
Plasma prothrombin assay in units” 440 400 to 500 
Platelets per cubic millimetre x 6 300 150 to 350 
Clot retraction .. oe ee es Normal == 











Evidence of the Presence of a Coagulation 
Inhilutor 

In Figures I and II are given the results of 
thromboplastin generation tests and the rate 
of formation and yield of thrombin obtained 
from the patient’s plasma or serum. 

From the results given in Figures I and II 
it is apparent that the patient’s plasma or 
serum contained an inhibitor of coagulation 
because patient’s Ba-plasma combined with 
normal human serum did not produce any 
thromboplastin at all, even when 50% of 
normal human Ba-plasma was added to the 
reaction mixture (Figure I, solid triangles, 
and from the results in Figure II it will be seen 
that the patient’s serum treated with barium 
sulphate inhibited the formation of thrombin 
when added to normal human plasma (Figure II, 
solid circles). Further support for the presence 
of a coagulation inhibitor is given by observa- 
tions recorded in Figure III, which show the 
recalcification time of mixtures of the patient’s 
plasma or serum treated with barium sulphate 
and normal human plasma. 

It appears from the recalcification experi- 
ments that the addition of the patient’s plasma, 
or Ba-serum, resulted in delay of the recalci- 
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fication time of normal plasma. The 
phenomenon becomes pronounced in mixtures 
containing more than 20% of the patient’s 
plasma or serum. 


Next the phase of the coagulation process 
at which the inhibitor acts was determined. 
From the fact that the venous blood clotting 
time was normal when blood was obtained 
from a traumatic puncture, it would appear 
that tissue thromboplastins introduced into 
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Figure I 


Thromboplastin generation. Reaction mixtures con- 
sisted of (i) 0-12 millilitre of normal human Ba-plasma, 
0:06 millilitre of normal human serum, o-o12 millilitre 
of brain lipids, 0-6 millilitre of o-025M CaCl, and 
o-15M NaCl to a total volume of 2-4 millilitres. 
Temperature, 28° C.; testing carried out according to 
Biggs and Douglas (1953) (open circles). (ii) 0-06 
millilitre of normal human Ba-plasma otherwise the 
same as (i) (open triangles). (iii) o-12 millilitre of 
patient’s Ba-plasma, otherwise the same as (i) (solid 
circles). (iv) 0-06 millilitre of patient’s Ba-plasma 
plus 0-06 millilitre of normal human Ba-plasma, 
otherwise the same as (i) (solid triangles) 


the blood specimens are not antagonized by the 
inhibitor. In order to show whether blood 
thromboplastin is antagonized by the inhibitor, 
a thromboplastin generation test was carried 
out as usual with normal plasma and serum 
components, and the blood thromboplastin 
formed was tested on both the patient’s plasma 
and on normal plasma as substrates. The 
clotting times were identical in both instances. 
The results indicate that normal plasma or 
tissue thromboplastin reacts normally with 
the patient’s plasma. From the results given 
so far it appears that the inhibitor prevents the 
formation of blood thromboplastin, but throm- 
boplastin once formed is not inhibited by the 
patient’s plasma. 
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Inhibitor Activity of Protein Fractions 


A euglobulin fraction was isolated from the 
patient’s oxalated plasma and was tested for 
its ability to form thrombin. Results are 
given in Figure IV. 


The results given in Figure IV show that 
whereas the euglobulin isolated from the 
patient’s plasma did not produce any thrombin 
(solid circles), normal thrombin formation 
could be induced by the addition of normal 
human serum (solid triangles). This is in 
contrast to the behaviour of the untreated 
patient’s plasma, which did not produce 
thromboplastin when normal human serum was 
added (solid inverted triangles). From this 
experiment it follows that the inhibitor is 
absent from the euglobulin fraction. 

Globulin fractions were prepared from the 
patient’s Ba-plasma by fractional precipitation 
with ammonium sulphate, and they were tested 
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INCUBATION TIME IN MINUTES 
Figure II 


Rate of formation and yield of thrombin. ° Reaction 
mixtures consisted of (i) o-or5 millilitre of normal 
human oxalated plasma, 0-003 millilitre of brain 
lipids, 0-3 millilitre of 2% pyrocatechol in ‘‘ Veronal ”’ 
buffer pH 7:4, 0:6 millilitre of 0-025M CaCl, and 
0:15M NaCl to a total volume of 1-8 millilitres. 
Testing according to Fantl (1954) (open rectangles). 
(ii) Same as (i) plus 0-005 millilitre of patient’s Ba- 
serum (solid triangles). (iii) Same as (i) plus o-o1 
millilitres of patient’s Ba-serum (solid circles) 


for inhibitory activity in the thromboplastin 
generation test. The results are given in 
Table II. 


From the results given in Table II it is quite 
evident that the inhibitor is present only in 
the second fraction, Fz, and is therefore 
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connected with the globulin complex. The 
first fraction, F1, and the albumin fraction, F3, 
were free of inhibitory properties. 


Evidence for Additional 8-Prothromboplastin 
Deficiency in the Patient’s Blood 
Because of lack of laboratory information 
regarding the patient’s hemorrhagic disease 
prior to the blood transfusions, it is difficult to 
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Figure III 


Recalcification of mixtures of normal human and 

patient’s oxalated plasma or patient’s Ba-serum. 

(i) Patient’s and normal oxalated plasma (solid 

rectangles). (ii) Patient’s Ba-serum and _ normal 

human oxalated plasma (solid circles). (iii) Normal 

human oxalated plasma diluted with o-15M NaCl 
(open circles) 


decide whether the presence of the inhibitor 
in the patient’s circulation is due to sensitization 
by the blood transfusions, or whether it is a 
congenital or an acquired defect due to other 
pathological changes. It was _ therefore 
necessary to determine whether or not the 
patient’s blood had, in addition to the inhibitor, 
a deficiency of the thromboplastin complex. 
As has been indicated before, it was established 
that the inhibitory power of the patient’s 
plasma becomes manifest above a concentration 
of 20% in mixtures with normal plasma. It 
was assumed that abnormal plasma would 
show a similar sensitivity. Therefore a variety 
of mixtures was prepared and the results are 
given in Table III.+ 


1The patient’s serum cannot be used in this test 
because it gives the erroneous impression of loss of 
inhibitor. This is due to the presence of clotting 
accelerators which mask the inhibitor activity. 
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From the results given in Table III it is 
apparent that the prolonged recalcification 
time of the patient’s plasma could be shortened 
by the addition to one volume of patient’s 
plasma of four volumes of plasma which contains 
8 prothromboplastin (Numbers 2, 4 and 12). 
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Rate of formation and yield of thrombin in euglobulin 
preparations. Reaction mixtures consisted of (i) 0°015 
millilitre of euglobulin isolated from normal human 
plasma, otherwise similar to that of Figure II (i) 
(open circles). (ii) 0-015 millilitre of euglobulin 
isolated from patient’s plasma (solid circles). (ii1) Same 
as (ii) plus o-o1 millilitre of normal human serum 
(solid triangles). (iv) o-o15 millilitre of patient’s 
plasma (solid rectangles). (v) Same as (iv) plus 
o-o1 millilitre of normal human serum (solid inverted 
triangles) 


But the recalcification time of the patient’s 
plasma was not influenced by the addition of 
plasma deficient in 6-prothromboplastin, which, 
however, contained . a-prothromboplastin 
(Numbers 7 and 10). From these and previous 
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results given in Figures I and II it is concluded 
that in addition to the presence of an inhibitor 
of thromboplastin formation the patient’s 
blood is deficient in 8 prothromboplastin. 
Although the recalcification experiments are 
quite clear cut, they are not of quantitative 
value. More information regarding the 6-pro- 
thromboplastin deficiency seemed desirable. 
Unfractionated patient’s plasma is obviously 
unsuitable for such testing, since it masks even 


TABLE II 


Thromboplastin Formation in Mixtures Containing 
Fractions Isolated from Patient’s Barium-Plasma* 














Composition of Reaction Incubation Clotting 
Mixture Time in Time in 
Minutes Seconds 
0:06 millilitre normal human 
Ba-plasma. Plus: 
o*3 millilitre NaCl o-15M 7°0 13°5 
o*3 millilitre Fr “ 7°90 15°00 
0-006 millilitre F2 aa >20°0 co 
o-oor5 millilitre F2 6°5 15°5 
o*3 millilitre F3 7°5 150 





1 Other experimental conditions similar to those given in 
Figure I (ii). 


the presence of an adequate amount of thrombo- 
plastin precursor in normal plasma. However, 
it has been shown before (Figure IV) that the 
inhibitor was absent from the plasma euglobulin 
fraction. On the other hand, it is well known 
that most of the clotting factors are precipitated 
in the euglobulin fraction of plasma. Under 
our experimental conditions, fibrinogen, pro- 
thrombin and prothrombin accelerator are 
present in the euglobulin fraction to approxi- 
mately 50% of that in the original plasma, 
and since the euglobulin precipitate is dissolved 
in half the volume of the original plasma, 
activity quantitatively similar to that of the 




















TABLE III 
Recalcification Times of Oxalated Homologous Plasma Mixtures! 

Patient’s Congenital Congenital Normal Normal Human Normal Clotting 
Oxalated ha Beta Ba- Fresh Normal Brain NaCl Stored Time in 
Plasma Haemophilia | Hemophilia Plasm: Plasma Platelets Lipids o-15M Plasma Seconds 
(1) 0°04 m3 — = = = = 0-16 = 4300 
(2) 0°04 = = = 0-16 = = = = 350 
(3) — — = = 0-16 = — 0°04 a 350 
(4) 0°04 0-16 i = = = = a — 350 
ee 0-16 = at —_ i ome 0°04 - 3450 
(6) — 0°04 _ 0-16 _ —_ _— — _ 400 
(7) 0-04 — or 0-16 es = o — > 4000 
(8) — -- 0-16 MD-1 —_ _ _ _ 0°04 _ 4150 
(9) — _ 0-16 MA-2 —_— _ _ _ 0°04 _ 2700 
(10) 0°04 _ 0-16 MD-r —_ _ — _ - _ 3400 
(x11) — — _— — _ _ _ 0°04 0-16 2400 
(12) 0-04 _ — - ~ =— — _ 0-16 780 
(13) — _ _ _ 0°04 _ _ _ 0-16 780 
(14) 0-2 <— = _ ~_ —_ —_ or! _ 2400 
(15) 0-2 = = = = ovr = we — 1430 
(16) 0-2 a —_ | a _ _ o'r _ _ 1620 























1 Calcium chloride solution, 





-025M, 02 millilitre, was added at 37°C. (All volumes are stated in millilitres ) 
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original plasma should be present. Therefore 
the euglobulins from the patient’s plasma and 
those from the plasma of a subject with con- 
genital §-prothromboplastin deficiency were 
compared in their activities. The rate of 
formation and yield of thrombin of these 
preparations were determined. The results 
are given in Figure V. 
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FIGURE V 


Rate of formation and yield of thrombin in euglobulin 
fractions and plasma. Reaction mixtures consisted of 
(i) 0-02 millilitre of euglobulin isolated from patient’s 
plasma, otherwise similar to that of Figure II (i) 
(solid circles). (ii) Same as (i) plus 0-0025 millilitre 
normal human Ba-plasma (solid triangles). (iii) Same 
as (i) plus 0-0025 millilitre of plasma of congenital 
8 prothromboplastin deficiency MA-z2 (solid rectangles). 
(iv) Same as (i) plus 0-0025 millilitre of normal human 
serum (solid inverted triangles). (v) Same as (i) 
plus 0-0025 millilitre of stored normal human oxalated 
plasma (solid diamonds). (vi) 0-02 millilitre of 
patient’s plasma, otherwise similar to that of Figure 
II (i) (half open, half solid circles). (vii) Same as (vi) 
plus 0-0025 millilitre of stored normal human oxalated 
plasma (half open, half solid diamonds). (viii) Same 
as (vi) plus 0-0025 millilitre of normal human serum 
(half open, half solid inverted triangles). (ix) 0-02 
millilitre of plasma of MA-2 ,otherwise similar to that 
of (i) (open circles). (x) Same as (ix) plus 0:0025 
millilitre of normal human serum (open inverted 
triangles). (xi) Same as (ix) plus 0-0025 millilitre 
of stored normal human oxalated plasma (open 
diamonds) 


From the results given in Figure V it is 
apparent that the euglobulin fraction isolated 
from the patient’s plasma did not produce any 
thrombin at all (solid circles). However, the 
defect could be corrected by the addition of 
normal human serum (solid inverted triangles) or 
normal human stored plasma (solid diamonds), 
both of which are sources of 8 prothrombo- 
plastin. This establishes that the plasma of 


P. FantTL, R. J. SAWERS AND A. G. MARR 





MJ-r and that of MA-2 are both completely 
deficient in 6 prothromboplastin. No correc- 
tion was obtained after the addition of human 
Ba-plasma (solid triangles) or of the plasma 
from a subject with congenital $-prothrombo- 
plastin deficiency (solid rectangles). The two 
last-mentioned preparations are sources of 
« prothromboplastin (anti-hemophilic factor), 
Although the euglobulin fraction isolated from 
the patient’s plasma and that from a congenital 
6-prothromboplastin deficiency show similar 
behaviour, their respective plasmas behave 
differently. This is due to the presence of an 
inhibitor in MJ-1 plasma. 

We suspect that the patient was born with a 
6-prothromboplastin deficiency, and _ subse- 
quently after several blood transfusions he 
developed the inhibitor. The former assump- 
tion seems to be justified on the basis of existing 
knowledge. As a possible cause of the appear- 
ance of the inhibitor in the patient’s blood, 
disproteinemia was considered. However, the 
protein composition of the patient’s serum 
determined by paper electrophoresis was normal. 
(Total protein, 6-7%; albumin, 4°3%; a 
globulin, 0-5% ; «globulin, 0-6% ; 8 globulin, 
0°4%; and y globulin, 0-9%). 


Species Specificity of the Inhibitor 
With regard to the assumption of an acquired 
inhibitor as an antibody against plasma # pro- 
thromboplastin, we have tried to obtain more 
information. Because antibodies are usually 
species specific, recalcification experiments with 
homologous as well as with heterologous plasma 


mixtures were carried out as indicated in 
Table IV. 


It will be noted from the results given in 
Table IV that the inhibitory effect of the 
patient’s plasma on the recalcification time of 
normal plasma varied according to the animal 
species. The recalcification time of dog’s 
plasma was quite distinctly delayed by the 
patient’s plasma, whereas the effect on guinea- 
pig, rat and rabbit plasma was less pronounced. 
However, there is perhaps a flaw in some of the 
experiments. Blood from the rat was obtained 
by heart puncture, which of course gives 
specimens contaminated with tissue thrombo- 
plastin. From the other experimental animals 
arterial blood was taken. Specimens obtained 
in this manner are believed to be free of tissue 
thromboplastin, and yet the corresponding 
plasmas when mixed with that of the patient 
showed little delay in the recalcification time. 
This is taken as some evidence for species 
specificity of the inhibitor, and it was further 
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TABLE IV 


Recalcification Times of Oxalated Heterologous Plasma Mixtures 








Normal 
Patient Human Dog Guinea-Pig 


NaCl Clotting Time 
Rat Rabbit o-15M in Seconds 
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1 Indicates patient’s Ba-plasma. In all other cases oxalated plasma without further treatment was used. 


examined with the thromboplastin generation 
test. Such results are given in Table V. 
From the results given in Table V it is 
apparent that whereas the thromboplastin 
formation is completely inhibited by the 
patient’s plasma when tested with homologous 
blood components, little or no influence is seen 
on the formation of thromboplastin when 
rabbit’s or guinea-pig’s plasma and serum 
components are used. Similar results were 
obtained with the isolated globulin fraction 
(F2). In order to find whether the antagonist 


TABLE V 


Influence of Patient’s Ba-Plasma on the Formation of 
Homologous and Heterologous Blood Thromboplastin 











Incubation Clotting 

Ba-Plasma Used? Time in Time in 

Minutes Seconds 
Normal human oe “a | 8°5 14°5 
Rabbit é ° 3°0 to 4°0 12°0 
Guinea-pig.. a we I 5°0 20-0 
Normal human plus patient >30°0 a) 
Rabbit plus patient jc 3°0 to 4°0 12'0 
Guinea-pig plus patient 7°0 18-0 











1 The reaction mixtures consisted of 0-06 millilitre of either human 
or animal Ba-plasma and 0-06 millilitre of the corresponding serum. 
Other conditions were similar to those given in Figure I (1). 


specifically inhibits the activity of 8 prothrombo- 
plastin in the formation of blood thrombo- 
plastin, the following experimental procedure 
was used. 


New Technique for the Detection of a Specific 
Antagonist to 8 Prothromboplastin 
The principle of the technique which is based 
on the assumption of a specific combination 
between 8 prothromboplastin and the inhibitor 
has been described by Fantl and Sawers (1956). 


The following procedure was carried out. 
Normal human oxalated plasma was treated 
with barium sulphate suspension, which adsorbs 
8 prothromboplastin in addition to other clotting 
factors but does not take up « prothrombo- 
plastin. This Ba-adsorbate was treated with 
the inhibitor isolated from the patient’s plasma 
(F2 in Table II). A comparison between the 
activities of the inhibitor before and after this 
treatment in the thromboplastin generation 
test is recorded in Figure VI. 


The results presented in Figure VI show that 
untreated barium sulphate does not adsorb the 
inhibitor (solid rectangles). On the other 
hand barium sulphate saturated with substances 
present in normal human plasma removes 
inhibitor activity (solid inverted triangles). 
In seven samples of Ba-adsorbate prepared 
from normal human plasma, 67-+10% of the 
inhibitor was lost after the adsorption. The 
results given in Figure VI indicate further 
that barium sulphate adsorbates, which were 
prepared from normal human plasma from which 
8 prothromboplastin had been removed first, 
did not affect the inhibitor (crosses). Similarly 
barium adsorbate prepared from normal human 
serum removed a large portion of the inhibitor. 
It may be added that the first Ba-adsorbate 
which removed 8 prothromboplastin contained 
26 milligrammes of protein per 100 millilitres 
of plasma and the second Ba-adsorbate which 
does not contain 8 prothromboplastin contained 
18 milligrammes of protein per 100 millilitres 
of plasma. The difference in protein concentra- 
tion of two Ba-adsorbates does not explain 
the inability of the second adsorbate to remove 
the inhibitor, but shows that the inhibitor does 
not react in a non-specific manner with plasma 
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proteins. 
thromboplastin which is adsorbed on barium 
sulphate combines specifically with the inhibitor. 

As a working hypothesis we have assumed 
that the inhibitor in the patient’s blood is due 
to multiple blood transfusions and is the result 


The results suggest that 8 pro- 


of an immunization process. In other words, 
the patient produced antibodies against certain 
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Figure VI 


Reaction of the inhibitor with Ba-adsorbates prepared 
from homologous plasma or serum. Thromboplastin 
generation test. Reaction mixtures consisted of 
(i) 0-098 millilitre of normal human Ba-plasma, 
otherwise similar to that of Figure I (i) (open circles). 
(ii) Same as (i) plus 0-06 millilitre of untreated inhibitor 
(F2) (solid circles). (iii) Same as (i) plus 0-06 millilitre 
of inhibitor treated with barium sulphate suspension 
(solid rectangles). (iv) Same as (i) plus 0-06 millilitre 
of inhibitor treated with Ba-adsorbate obtained from 
normal human oxalated plasma (solid inverted 
triangles). (v) Same as (i) plus o-o1 millilitre of 
inhibitor treated with Ba-adsorbate obtained from 
normal human serum (half open, half solid circles). 
(vi) Same as (i) plus o-1 millilitre of inhibitor treated 
with Ba-adsorbate obtained from normal human 
Ba-plasma (crosses). Experiments (v) and (vi) were 
performed on different days from the other experiments 


components of the donors’ plasma. Since his 
blood is lacking in $8 prothromboplastin, this 
factor is an antigen stimulating the production 
of anti-8 prothromboplastin in his body. 
The antibody reacts as an antagonist preventing 
the formation of blood thromboplastin. Support 
for this assumption was obtained from two 
types of experiments. In the one rabbit’s 
plasma was treated with barium sulphate in a 
manner similar to that of human plasma. Such 
experimental results are given in Figure VII. 

The experiments given in Figure VII indicate 
that the inhibitor isolated from the patient’s 
plasma is removed by Ba-adsorbate prepared 
from normal rabbit’s plasma to a lesser extent 
than from normal human plasma. Quantitative 
determinations indicated 24% and 62% adsorp- 


tion respectively. The difference in the 
adsorption of the plasma of the two species 
appears to be significant and is taken as evidence 
that the inhibitor antagonizes $-prothrombo- 
plastin activity, especially that of human origin. 
Whilst the biochemical evidence of a specific 
inhibitor is quite conclusive, serological evidence 
of antibodies against components of human 
serum by the precipitin gel test according to 
Oudin (1952) could not be obtained. 


Antigenicity of Inactive 8 Prothromboplastin 


The adsorbate technique was also applied to 
plasma specimens taken from three patients 
who are congenital bleeders with a complete 
deficiency of 8 prothromboplastin, as evidenced 
by the fact that the defect of their blood or 
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Figure VII 


Reaction of the inhibitor with Ba-adsorbates prepared 
from heterologous plasma. Thromboplastin generation 
test. Reaction mixtures consisted of (i) 0-1 millilitre 
of normal human Ba-plasma, otherwise similar to that 
of Figure I (i) (open circles). (ii) Same as (i) plus 
0:05 millilitre of untreated inhibitor (solid circles). 
(iii) Same as (i) plus 0-1 millilitre of inhibitor treated 
with Ba-adsorbate obtained from normal rabbit’s 
plasma (solid rectangles). (iv) Same as (i) plus 0:05 
millilitre of inhibitor treated with Ba-adsorbate 
obtained from normal rabbit’s plasma (half open, 
half solid rectangles). (v) Same as (i) plus o-1 milli- 
tire of inhibitor treated with Ba-adsorbate obtained 
from normal human plasma (solid triangles) 


plasma could be corrected by addition of whole 
blood or plasma, stored human plasma and 
stored human serum, but not by Ba-plasma. 
The results of adsorption experiments in which 
these patients’ plasmas were used are given in 
Table VI. 
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As will be noted, the Ba-adsorbate prepared 
fron: the plasma of MB-1 did not remove 
inhibitory activity, and that of MD-1 removed 
8%. In contrast to this behaviour, Ba- 
adsorbates prepared from plasma of MA-2 
removed 49% to 50% of inhibitory activity. 
MB-1 has never had a blood transfusion. 
MA-2 had a number of blood, plasma and 
serum transfusions; he was given 250 milli- 
litres of citrated plasma fifty-one and sixty-nine 
days prior to the tests shown in Table VI. 
MD-1 had had several blood transfusions, the 
last one thirty-six months prior to the tests 
given in Table VI. It is certain that MJ-1 
and MA-2 do not suffer from different 
deficiencies, because mixtures of their plasma 
freed of the inhibitor did not result in the 
correction of the clotting deficiency. The fact 


TABLE VI 


Reaction of the Inhibitor with Ba-Adsorbates Prepared 
from Plasma of Congenital (-Prothromboplastin 











Deficiencies 
Inhibitor 
Percentage 
Ba-Adsorbate Prepared from Oxalated Activity 
Plasma of Recovered 
after 
Treatment 
Normal human “a ian «6 “s es 23 to 33 
Congenital (§-prothromboplastin deficiency, 
MA-2 ae oa 6 + 7 me 49 to 50 
Congenital 3-prothromboplastin deficiency, 
MD-1 a ey a a re as 92 
Congenital (-prothromboplastin deficiency, 
MB-r “ - ee ee oe “a 100 





that the Ba-adsorbates prepared from the 
plasma of MD-1 and MB-1 did not combine 
with the inhibitor indicates that these plasma 
specimens are free of § prothromboplastin. 
This is in conformity with the experiment 
carried out with the Ba-adsorbate made from 
normal plasma artificially freed of 8 prothrom- 
boplastin (Figure VI). With regard to the 
results obtained from the plasma of MA-2, it 
appears that there is no significant difference 
from that of normal plasma. It is unlikely 
that MA-2 had any transfused 8 prothrombo- 
plastin remaining in his circulation. Specific 
tests for 8-prothromboplastin consistently gave 
negative results, and from the short? life time 
of this plasma factor in the circulation one 
would not expect to find any activity more 
than two months after its transfusion. 


1 It was found in transfusion experiments that 50% 
of 8-prothromboplastin disappeared from the circula- 
tion in twenty to forty hours. 





H2MORRHAGIC DIsEASE DUE TO BETA-PROTHROMBOPLASTIN DEFICIENCY 171 


Physico-Chemical Properties of the Inhibitor 

It has already been stated that the inhibitor 
is not dialysable. It is quite stable to storage 
at 6°C. Tests carried out in the third week 
after preparation showed no loss of activity. 
Heating in a water bath at varying temperatures 
for ten minutes resulted in the recoveries 
shown in Table VII. 








TABLE VII 
Heat Stability of B-Prothromboplastin 
Inhibitor 
Inhibitor (F2) Percentage 
Heated for Ten of Recovered 
Minutes at Activity" 
60° C, ‘ea wa aa 100 
65° C. es ~ ée 42 
78° C. we we os ° 








1 Determination by thromboplastin generation 
test—o-1 millilitre of globulin F2 and o-1 milli- 
litre of normal human Ba-plasma were used, 
otherwise conditions are similar to those given in 
Figure I (r). 


From the figures given in Table VII it is 
apparent that the inhibitor is stable below 60° C., 
but above this temperature progressive losses 
occur. 


The Inhibitor is a Trace Protein 
The concentration of the inhibitor was 
determined in the isolated globulin fraction 
(F2). The results are given in Table VIII. 


TABLE VIII 


Protein Content of Ba-Adsorbates Compared with Loss 
of Inhibitor Activity 














Protein 
Loss of Content? of 
Inhibitor Ba-adsorbate 
Ba-Adsorbate Prepared Activity in Milli- 
from After grammes per 
Treatment too Millilitres 
(Percentage) of Plasma 
Normal human oxalated plasma 
before treatment with inhibitor — 13°8 
Normal human oxalated plasma 
after treatment with inhibitor 77 15°12 
Normal human oxalated plasma 
before treatment ad me _ 12°3 
Normal human oxalated plasma 
after treatment with inhibitor 72 16°4 
Congenital prothromboplastin 
deficient plasma. MD-1 before 
treatment with inhibitor a —_ 17°5 
Congenital prothromboplastin 
deficient plasma. MD-1 after 
treatment with inhibitor onl 8 21-3 
| 





1 The protein content was determined in adsorbates after removal 
of soluble proteins with o- 15M sodium chloride solution. The residue 
was heated with o-1M caustic soda at 60° C. for half an hour and 
the absorption at 280 my was measured. 


The total protein concentration of the 
preparation F2 used for the experiments shown 
in Table VIII was 2%. It will be noted that 
the Ba-adsorbates prepared from normal human 
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oxaiated plasma showed an increase in protein 
content of 1-32 to 4-1 milligrammes per 100 
millilitres after treatment with inhibitor. 
Adsorbates prepared from the plasma of MD-1 
showed an increase of 3-8 milligrammes per 
100 millilitres after a similar treatment. This 
indicates that, in addition to the inhibitor, 
other protein substances are taken up by the 
adsorbate, and it follows that the inhibitor is 
present in traces in the isolated globulin 
fraction. 


Review of Published Cases 
A comparison of the present case with those 
showing an inhibitor studied by other workers 
is made in Table IX. 
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AGE OF HAEMOPHILIACS IN YEARS 
Figure VIII 


Age distribution of « and 8 hemophiliacs who received 
blood transfusions. Open-columns represent a total 
of 35 patients with a complete prothromboplastin 
deficiency but without a coagulation inhibitor in their 
blood. The patients are residents of Victoria. Filled-in 
columns represent a total of 23 patients with a complete 
prothromboplastin deficiency and with a coagulation 
inhibitor in their blood. Twenty-two of them live 
outside Australia. The 23 subjects with coagulation 
inhibitor are taken from Table IX 


It will be noted from the data recorded in 
Table IX that it required apparently several 
blood transfusions before inhibitory activity in 
the patient’s blood was noted. In this con- 
nexion it may be significant that the inhibitor 
was demonstrated surprisingly late in life, the 
average being twenty-two years (range four to 
forty-four years). 

The age distribution of hemophiliacs (« and ) 
either with or without a coagulation inhibitor 
who received blood transfusions is presented 
in the following histogram (Figure VIII). 
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From the histogram it can be seen that 
hemophiliacs in whose blood a coagulation 
inhibitor was not demonstrated are in pre- 
ponderance in the younger age groups, whereas 
hemophiliacs who have a coagulation inhibitor 
in their blood are found more frequently in the 
second and third decades of life. It required 
apparently a number of blood transfusions 
before the inhibitor developed. Further support 
for the assumption that the inhibitor was due 
to immunization by plasma factors is given by 
the transient existence of the inhibitor in the 
circulation and by its reappearance after blood 
transfusion. 


DISCUSSION 


Among 320 hemophiliacs gathered from 
several sources, 20 have shown evidence of a 
coagulation inhibitor in their blood. It is 
believed that the severity of the deficiency 
differed in patients, and Frommeyer ef alii 
(1950) suggested that only patients with a 
complete deficiency could develop an antibody 
in an immune reaction and that this acted as an 
anticoagulant. Support for this assumption 
was the demonstration of positive results to 
precipitin tests (Craddock and Lawrence, 1947). 
However, this has been an infrequent finding, 
and was not found in the present case. 


Prior to 1952 all male patients with sex-linked 
inherited or congenital sporadic hemorrhagic 
disease were regarded as suffering from the 
same clotting defect. Now it is established 
that the hemophilic syndrome can be due to a 
deficiency of either one of two unrelated blood 
components—namely, « or 8 prothromboplastin 
(hemophilia or PTC deficiency, Christmas 
disease). The average distribution calculated 
from available reports is one case of 8 hemo- 
philia to seven cases of « hemophilia. In 11 
cases of hemophilia refractory to transfusion 
therapy published since 1952, in six there was 
« deficiency and in five § deficiency. This 
would seem to indicate a greater antigenicity 
of the 8 factor. This, however, is not necessarily 
so. At this hospital there are at present 
under observation 74 patients with « deficiency, 
and most of them have received blood or plasma 
transfusions on several occasions. So far 
neither clinically nor with laboratory tests has 
it been possible to observe any refractoriness 
to transfusions. 

Twenty-eight of these patients suffer a 
complete deficiency and therefore could be 
expected to be immunized by transfusions. 
Eleven patients with 8 hemophilia have so far 
been examined, and all of them showed a 
complete deficiency. The ratio of patients 
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with a complete deficiency at this hospital is 
therefore 2-5 « to 1-0 8 deficiency. If this 
distribution is the same elsewhere, then the 
observed incidence of refractoriness of six « 
and five 8 hemophilias is not necessarily 
indicative of a different antigenicity of 
the two plasma prothromboplastins. (y? test : 
0-30<P<0:20.) 

Sufficient evidence has been obtained to 
indicate that the patient under discussion has a 
complete (-prothromboplastin deficiency, and 
we assume that this is his congenital defect and 
believe that the inhibitor in his blood is due to 
blood transfusions. It is, of course, necessary 
to establish that an inhibitor is the result of 
immunization by the transfused substance, 
because anticoagulants can occur in the 
circulation on other grounds. 

Several clotting inhibitors have been isolated 
from normal blood and tissues. Tocantins and 
Carroll (1949), Overman (1949) and Binet e¢ alii 
(1951) have isolated anticoagulants from the 
lipid fraction of tissues and plasma. These 
inhibitors seem to counteract the activity of 
thromboplastin. For this reason it appears 
unlikely that the anticoagulant in the circulation 
in the present case has any relation to these 
substances. Proteins with anticoagulant 
properties have been isolated by Fiala (1951), 
by Dreyfus (1953), by Lanchantin and Ware 
(1953), and by Shulman (1955). Their physico- 
chemical behaviour and the interference in the 
clotting mechanism indicate that these inhibitors 
have different properties from the one found in 
the case under discussion. This admittedly 
is only indirect evidence for the assumption 
that the anticoagulant in the circulation in the 
presented case is due to blood transfusions. 

It has been shown quite clearly that the 
inhibitor in the patient’s blood acts only on 
6 prothromboplastin and prevents its participa- 
tion in the formation of blood thromboplastin, 
but does not affect the activity of tissue and 
blood thromboplastins. The inhibitor has some 
species specificity. This is indicated in the 
recalcification time of plasma mixtures, and it 
is very pronounced in thromboplastin and 
thrombin generation tests in homologous plasma 
and serum combinations. In contrast to human 
blood thromboplastin formation, which is 
completely inhibited, the formation of rabbit 
and guinea-pig blood thromboplastin is not 
affected by the anticoagulant. Spaet and 
Kinsell (1954) noted, in the case of an «-pro- 
thromboplastin deficient patient who developed 
an anticoagulant after transfusion therapy, 
that the clotting defect was corrected by sheep 
plasma but not by hog or beef plasma. 


With regard to the mode of action of anti- 
coagulants in the blood of patients who received 
blood or plasma products, van Creveld eé¢ alii 
(1951) showed that the anticoagulant inactivated 
« prothromboplastin isolated from normal 
blood, but did not destroy it, and Hoogie and 
Fearnley (1954) demonstrated that the anti- 
coagulant interfered with the formation of 
blood thromboplastin. The Ba-adsorbate 
technique which was developed gave a clear 
indication that the inhibitor combined with 
8 prothromboplastin of human origin and 
reacted only to a small degree with that of 
rabbit’s plasma. It appears that the inhibitor 
forms a soluble and perhaps dissociable com- 
pound with homologous 6 prothromboplastin. 
The possibility that the inhibitor combined in a 
non-specific manner with substances other than 
8 prothromboplastin has been ruled out by the 
fact that Ba-adsorbates, which contain plasma 
proteins other than § prothromboplastin, did 
not reduce inhibitory activity. The mode of 
action and the species specificity are taken as 
good evidence that the inhibitor found in the 
patient’s blood is the product of sensitization 
to normal 6 prothromboplastin. 


With regard to three patients from whose 
blood $8 prothromboplastin was completely 
absent, it was found that Ba-adsorbates 
prepared from their plasma reacted differently. 
The one removed inhibitory activity to a 
significant extent and the other two did not. 
The behaviour of the latter is understandable 
since their blood did not contain 8 prothrombo- 
plastin. However, it was established that the 
plasma adsorbates which did adsorb the inhibitor 
came also from a patient whose blood was 
completely devoid of 8 prothromboplastin. 


These divergent findings can best be under- 
stood by the following interpretation. Patients 
with prothromboplastin deficiencies present 
instances of genetically determined abnor- 
malities of protein synthesis. From _ the 
presented facts the following conclusions appear 
to be justified. It seems that a proportion of 
such patients can produce substances which are 
closely related to the prothromboplastins in 
their antigenic properties, but which are 
inactive in the formation of blood thrombo- 
plastin. Other patients are unable even to 
produce a defective prothromboplastin with 
antigenic properties or physiological activity. 
Because of this they are the most likely persons 
to develop antibodies after the transfusion of 
the particular prothromboplastin they lack. 
The adsorbate technique provides the decision 
to which of these two groups a patient belongs. 
The fact that the body produces by some 
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inherent fault a substance which is no longer 
physiologically active, and yet is antigenic, is 
somewhat similar to the observation of Fraser 
(1951), that structural configuration responsible 
for antigenic specificity was not destroyed 
after the activity of a mucoprotein inhibitor of 
influenza virus hemagglutination had been 
removed by the receptor destroying enzyme. 

It has been observed that the anticoagulant 
due to blood transfusions remained in the 
circulation only for a limited time, lasting 
from one to more than twelve months. In a 
previous case in which there was an acquired 
anticoagulant following pregnancy, the activity 
disappeared from the blood after eleven years 
(Fantl and McLean, 1951). In the patient 
under discussion blood anticoagulant activity 
has been undiminished for the period of observa- 
tion, which is at present ten months. 

In the treatment of patients who have 
coagulation inhibitors in their circulation, it 
appears that blood transfusions of a permissible 
size are of no help in correcting the faulty 
hemostasis. But it has not been shown with 
certainty that the clinical condition was 
aggravated because of renewed stimulation of 
antibody formation. However, as a precaution 
against possible anaphylactic reactions it may 
be advisable to use plasma-free red cells instead 
of whole blood. 

Cortisone was given to the patient for three 
weeks, but neither by clinical nor by laboratory 
evidence was any benefit noticed. This is in 
common with the experience of most other 
workers. 


SUMMARY 


An investigation of a hemorrhagic disease of a 
male congenital bleeder is presented. 

The patient’s blood contained an inhibitor 
of coagulation. The inhibitor was absent 
from the euglobulin fraction of the patient’s 
plasma. This fact allowed the underlying 
defect to be determined. It was a complete 
8 prothromboplastin deficiency (PTC-deficiency, 
Christmas disease). All other clotting factors 
were present in normal concentration and 
activity. The inhibitor was present only in a 
globulin fraction in plasma and serum. Other 
protein fractions of plasma were free from 
inhibitory activity. The inhibitor is stable to 
storage in the cold and stable to heat below 
65°C. Itis not dialysable. The anticoagulant 
inhibits the participation of 6 prothrombo- 
plastin in the formation of blood thromboplastin, 
but it does not antagonize plasma, or tissue 
thromboplastin. Although serological proof 
could not be obtained, it is believed that the 
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inhibitor has appeared in the circulation as a 
result of an immune reaction due to blood 
transfusions. 


A new technique was developed, based on a 
combination of the inhibitor with 8 prothrombo- 
plastin adsorbed on barium sulphate. It 
indicated that the inhibitor combined specifically 
with 6 prothromboplastin of human origin. 

The inhibitor is a trace protein. 

The adsorbate technique was applied to 
plasma of congenital bleeders whose blood was 
completely deficient in 8 prothromboplastin. 
The results indicate that such deficiencies 
can be divided into two groups. In the one 
the patients produce a defective 8 prothrombo- 
plastin, which is inactive in clotting but is still 
antigenic. The other group cannot produce 
even deficient § prothromboplastin with anti- 
genic properties. It is thought that patients 
in the latter group are the most likely ones 
to develop anticoagulants after blood trans- 
fusions. 
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“‘ CRYOGLOBULINZMIA ” refers to the presence 
in the serum of an abnormal protein which 
precipitates or gels on cooling, a phenomenon 
described first in 1933 by Wintrobe and Buell, 
who observed it in blood from a patient with 
multiple myelomatosis. The word “ cryo- 
globulinemia’’ was first used in 1947 by 
Lerner and Watson, who reviewed the published 
observations on proteins precipitating spon- 
taneously from serum and, described a case of 
their own. Since then various reports of this 
condition have been published, and some work 
has been done to elucidate the nature of the 
abnormal protein. ‘‘ Cryoglobulins ’”’ have been 
noted in several conditions, and have been held 
responsible for a variety of symptoms. Although 
the studies on their nature have often been 
fragmentary, these substances are apparently 
not identical, chemically or physically. 


In this paper a case of cryoglobulinemia (the 
first, we believe, from Australia) is reported, 
investigations on the patient’s serum and the 
cryoglobulin are described, and the nature and 
clinical significance of cryoglobulinemia is 
discussed. 
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CLINICAL RECORD 


A man, aged fifty-seven years, presented in May, 
1954, with the complaint that over the past five years 
he had suffered from pain and swelling of his hands in 
winter. In these episodes his nails became black, and 
hemorrhagic areas occurred on his fingers and toes, 
which were extremely painful. There were no attacks 
of Raynaud’s phenomenon. He had recently noted 
an occasional pain on the outer aspect of his right 
ankle. Three months previously he had lost 10 kilo- 
grams in weight over a period of one month, 
and recently had noted that he had less than his 
normal energy. 

His previous illnesses comprised “‘ a sickness which 
prevented him from walking’’ when he was aged 
six years, pneumonia, measles and shingles when he 
was aged thirteen to fourteen years, scarlet fever at 
the age of twenty years, appendicitis at twenty-three 
years, fistula in ano at thirty-eight years, and typhoid 
fever at fifty years. For the past ten years he had 
been subject to abdominal pain occurring mainly at 
night, but a recent X-ray examination of his stomach 
had shown no abnormality. Also, for the past ten 
years he had noted that the muscles of the back of his 
thigh would ‘‘ knot’”’ if he sat on a chair for a long 
time. 

Routine clinical examination revealed the patient 
to be a rather thin man, whose blood pressure was 
130 millimetres of mercury, systolic, and 72 millimetres, 
diastolic. No abnormality was detected in his heart, 
lungs or abdomen, or in the peripheral pulses, apart 
from absence of the right posterior tibial pulse. 
Numerous intradermal hemorrhages, varying in 
diameter up to about one centimetre, were present on 
his hands and toes (Figures Ia and Is), and the distal 
part of his nails were a dark colour. Application of 
ice cubes to one forearm for a few minutes did not 
produce any change apart from some temporary local 
redness. 
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The patient has been observed over a period of 
sixteen months; he has been fairly well during the 
summer and free from the skin changes in his hands 
and feet. Each winter! the symptoms in his hands 
and feet have returned, on one occasion requiring his 


this did not reduce the concentration of the abnormal] 
serum protein, the patient felt better in that he was 
free from pain in his hands and also from the painful 
stiffness of his joints from which he usually suffered 
in winter. 





FiGcurE IA 
Photograph of hands, showing purpuric hemorrhages and discoloration of nails 


admission to hospital. Because the patient was 
contemplating transferring to a warmer climate, 
where it was thought that symptoms would not 
occur, no special treatment apart from advice con- 





Ficure IB 


Photograph of feet, showing purpuric hemorrhages 
and discoloration of nails 


cerning avoidance of cold was given during the first 
winter. However, his transfer was delayed, and 
cortisone (100 milligrammes per day) was given for 
several weeks during the second winter. Although 


1In Melbourne the monthly mean temperatures 
are as follows: 


May to September Other Months 


Maximum 56° to 63° F. 67° to 78° F. 
(13°3° to 17°2°C.) (188° to 24°4° C.) 
Minimum 42° to 47° F. 48° to 57° F. 


(5°5° to 8-2° C.) (8-8° to 13°8° C.) 
(Quoted from G. W. Leeper, ‘‘ Introducing Victoria ”’, 
Australian and New Zealand Association for the 
Advancement of Science Conference, 1955.) 


Laboratory Tests 


In the serum, the most striking abnormality noted 
was the presence of a protein which precipitated from 
the blood on cooling (described in detail later), The 
total serum protein concentration was 7-0 grammes 
per centum (copper sulphate specific gravity method) 
with albumin 4-8 grammes per centum and globulin 
22 grammes per centum (sodium sulphate precipitation 
method). The concentrations of other serum con- 
stituents estimated were as follows: bilirubin, 0-25 
milligramme per 100 millilitres ; cholesterol, 300 
milligrammes per 100 millilitres ; alkaline phosphatase, 
13 King-Armstrong units; ‘calcium, 4:2 milli- 
equivalents per litre ; phosphate, 2-9 milliequivalents 
per litre. The cephalin flocculation test gave a 
normal result. 


There was no proteinuria, and no abnormality was 
noted in the centrifuged deposit of urine. The 
hemoglobin concentration was 16:0 grammes per 
100 millilitres, the erythrocytes numbered 5,000,000 
per cubic millimetre, and the volume of packed cells 
was 48 millilitres per too millilitres. The absolute 
values were as follows : mean corpuscular hemoglobin, 
32yYy ; mean corpuscular volume, 96 cubic w; mean 
corpuscular hemoglobin concentration, 33%. The 
leucocyte count was 15,000 per cubic millimetre 
(mature neutrophile cells 11,850, lymphocytes 2550, 
monocytes 450, eosinophile cells 150). The platelet 
count was 330,000 per cubic millimetre. The cells 
in a stained film (Leishman) appeared normal. The 
patient’s blood group was O (4), probable Rh genotype 
r,r (CDe.cde). The erythrocyte sedimentation rate 
(Wintrobe method, uncorrected) was one millimetre in 
sixty minutes at 5°C., four millimetres at 22°C., and 15 
millimetres at 37°C. The antistreptolysin titre of the 
serum was one in 66, and complement was present in a 
titre of one in 30 (normal values). The ‘“ L.E.”’ test, 
with the use of defibrinated blood incubated for two 
hours at 37° C., produced a negative result. Crystals 
(believed to be precipitated protein) were observed, 
but no inclusion bodies (such as described by Volpé 
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and Ogryzlo, 1955) were seen in the leucocytes. Two 
sampies of sternal bone marrow obtained at intervals 
of one year were normal, and plasma cells were less 
than 1% of all nucleated cells. The bleeding time 
(Duke) was one minute, and the whole blood coagulation 
time {Lee and White) seven minutes. 


X-Ray Findings 
X-ray examination of pelvis, chest, spine and skull 
showed no evidence of myeloma. The heart shadow 
was not enlarged and the lung fields were clear. 


INVESTIGATION OF THE SERUM 
Precipitation on Cooling 


The patient fasted overnight, and blood, 
obtained by venepuncture with a wide-bore 
needle, was allowed to flow directly into warmed 
sterile tubes which were immediately placed 
in a water bath at 37°C. After the clot had 
retracted, the tubes were spun for two to three 
minutes in a warmed centrifuge and replaced 
in the water bath at 37°C. The serum was 
removed and one-millilitre aliquots were placed 
in each of seven sterile glass tubes of six milli- 
metres internal diameter. These were then 
placed in water baths at various temperatures, 
and the changes were recorded (Table IA). 
Within 90 minutes precipitation had occurred 
in all tubes kept at 25°C. or below. At this 
time all tubes were replaced in the 37°C. 
water bath and the changes were again recorded 
(Table Is). 
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When precipitation had taken place slowly 
(at 15° to 25° C.), most of the precipitate failed 
to redissolve at 37° C.; but when precipitation 
had taken place quickly (at 5° and r10°C.), 
the serum cleared completely on _ being 
rewarmed. The tubes containing clear serum 
(A, B, E, F and G) were cooled again to 15° C. 
for two hours, and a heavy precipitate reaction 
was observed. When the tubes were rewarmed 
to 37° C. again, a portion of the precipitate was 
found to be insoluble at this temperature. 


A quantitative study of the precipitation 
at various temperatures was made by sub- 
tracting the total dry weight of the supernatant 
fluid from that of the original serum, and the 
results are given in Table II. The maximum 
precipitate (0-9 gramme per 100 millilitres) 
was obtained after the serum had been standing 
for sixteen hours at any of the temperatures 
studied below 28° C. Dilution of the serum to 
one-third its original concentration with physio- 
logical saline phosphate buffer, pH 7-0, ionic 
strength 0-2, or with normal serum, completely 
prevented precipitation. Routine estimations 
of the cryoglobulin content of the patient’s 
serum was made as follows: Two millilitres 
of serum were obtained from the patient as 
described above, chilled rapidly in a freezing 
bath to 1° C., and held at this temperature for 
one hour; the precipitate was recovered in a 


TABLE I 
Macroscopic Changes in Serum with Temperature 


Table Ia: Effect of Cooling 



























































Tube 
Time a Oe a : Lees _—— a a 
(Minutes) | | | 
3 Cc | D | E F G 
(5° C.) (10° C.) (15° C.) | (20° C.) | (25° C.) (30° C.) (37° C.) 
oF . 
10 ++ + - - | - ~ | - 
15 +++ ++ - - | - - - 
30 ++++ ++ + _ - | — | -- 
45 ++++ ++ + + | ~ - - 
65 +4+++ +++ ++ oe + _ = 
90 ++++ + ++ +++ ++ | . - | ~ 
| 
Table Ip: Effect of Rewarming After Precipitation? 
Tube 
ime vs a a Vat fone mts ik “‘*. 
(Minutes) A B Cc D E F } G 
(5° C.) (10° C.) (15° C.) (20° C.) (25° C.) (30° C.) } (37° C.) 
| | 
| | 
15 ++ ++ ++ ++ — — = 
30 ~ + ++ et - ~ | - 
60 - + +p ++ - | ~ - 
120 - - a Ze a 6 bi-3 a | win = 
18 hours - _ ++ a ~ | - ” 
oN ae *, serum clear; “ +”, fine cloud; ey +”, definite cloud and some deposit; “+++”, definite cloud and moderate deposit ; 


“4444, heavy cloud and large deposit. 


? All tubes placed in water bath at 37° C. after cooling for go minutes at temperature shown, 
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TABLE II 
Quantitative Precipitation of Cryoglobulin Related to Time and Temperature) 

1 Temperature (Degrees Centigrade) 

Time 

(Hours) ae 

30 29 28 27 26 25 20 18 14 10 6 I 

t ° ° ° ° ° ° ° 10 50 100 130 600 
+ ° ° ° ° ° 10 25 50 100 160 200 900 
I ° ° 10 30 100 150 270 400 600 750 750 goo 
2 ° ° 50 200 400 600 750 800 goo goo 900 goo 
4 ° ° 300 450 600 780 850 goo goo goo 900 900 
8 ° 5 450 700 goo goo 900 goo goo 900 goo goo 
16 ° 5 900 900 goo goo goo 900 goo goo 900 goo 









































+ All figures expressed in milligrammes per 100 millilitres of serum. Total serum protein content, 7-2 grammes per 100 millilitres. 


refrigerated centrifuge, and washed twice with 
four millilitres of physiological saline at 1° C. 
(immunological tests on the washings showed 
that negligible loss of cryoglobulin. occurred) ; 
the washed precipitate was dissolved in 10 
millilitres of 0-1N sodium hydroxide solution 
at 37° C., and its concentration was determined 
by measuring the ultra-violet absorption at 
2850 Angstrém units, with the use of an 
extinction coefficient of 2-22 for a 1% (weight 
for volume) solution (vide infra). 


~ 
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NORMAL BLOOD o——as 
PATIENT'S BLOOD o———o 


RELATIVE VISCOSITY Cuncorrected for haematocrt or protein conc.) 
7) 
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TEMPERATURE “°C 
Figure II 


The effect of temperature on the viscosity of the 
patient’s blood, compared with that of a sample of 
normal blood 


Viscosity of the Blood and Serum 


The viscosity of the patient’s blood 
(heparinized) was measured at several temper- 
atures, ranging from 39° to 14° C., in an Ostwald 
capillary viscometer. The blood was allowed 
to stand in the viscometer for thirty minutes 
at each temperature before readings were taken. 


The temperature/relative viscosity! curve 
(uncorrected for hematocrit) is compared with 
that of normal blood in Figure II. The 
temperature coefficient of the viscosity of the 


NORMAL SERUM = %——X 
PATIENTS SERUM 0——o 
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FicureE III 
Effect of temperature and dilution on the viscosity of 
the patient’s serum, compared with a sample of 
normal serum. A, undiluted serum ; B, serum diluted 
to one-half with physiological saline ; C, serum diluted 
to one-quarter with physiological saline 


patient’s blood was not much greater than that 
of normal blood. The temperature variation 
of viscosity? of the patient’s serum, compared 
with that of normal serum, is presented in 
Figure III. The patient’s serum showed an 
appreciable increase in viscosity with decreasing 


1 Relative viscosity =viscosity of blood/viscosity of 
water. 

2 Expressed as (specific viscosity /concentration) x 100 
where specific viscosity=viscosity of serum/viscosity 
of water—1. 
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temperature until 28°C., when there was a 
sharp fall, presumably due to precipitation of 
the cryoglobulin (curve A). These effects were 
abolished by diluting the serum to one-quarter 
with physiological saline (curve C). The effects 
of dilution and temperature were reversible. 


Ultracentrifuge and Electrophoresis Studies 
on the Serum 


Preliminary paper electrophoresis, and subse- 
quent moving boundary studies, showed the 
presence of a large y-globulin peak, representing 
approximately 1-6 grammes of protein per 
100 millilitres of serum. Ultracentrifuge results 
obtained at approximately 28°C. were 
anomalous. In the undiluted serum, three 
components with sedimentation coefficients 
(Sy) of 2°35, 4-2S and 5-3S were observed. The 
first and second components correspond approxi- 
mately in sedimentation rate to that of albumin 
and globulin at the concentration of undiluted 
serum. When the serum was diluted with 
physiological saline to one-third or one-sixth 
of its original concentration, the third (fast) 
component was no longer observed, whilst the 
“albumin ”’ peak was asymmetric (Figure X). 
These results suggest that, if the fastest com- 
ponent in the whole serum was the cryoglobin, 
on dilution it had disaggregated into fragments 
sedimenting with the albumin (for details of 
ultracentrifuge and electrophoresis studies see 
Addendum). 


PURIFICATION AND PROPERTIES OF THE 
CRYOGLOBULIN (C.C.C.) 


Purification 


Two hundred millilitres of serum (obtained 
as described earlier) were divided into small 
aliquots, which were cooled rapidly by being 
stirred in a freezing bath to 1° C. and held at 
this temperature for forty-five minutes. The 
precipitate was recovered by centrifugation in 
the cold and dissolved in 200 millilitres of 
physiological saline at 37°C. In spite of the 
rapid cooling, a small amount of insoluble 
material was formed. This was removed by 
centrifugation at 1200g for twenty minutes 
at 37°C. The cryoglobulin was purified further 
by two precipitations. 


The protein nature of the precipitate was 
confirmed by quantitative biuret analysis, 
purified y-globulin being used as a standard. 
The absence of carbohydrate was demonstrated 
by negative responses to the Molisch and Bial 
tests. Lipid was considered to be absent, 
because no material could be extracted with 
ether or chloroform. 
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Ultracentrifuge and Electrophoresis Studies 
on the Cryoglobulin 


The electrophoretic mobility and the sedi- 
mentation coefficient were found to be very close 
to those of serum y-globulin. The figure for 
the sedimentation coefficient (Sy,=6-6S) is at 
considerable variance with that obtained in 
the whole serum. (For details see Addendum.) 


Chemical Analysis 


Nitrogen Content.—The nitrogen content was 
15°4%, as determined by Kjeldahl analysis 
(method of Markham, 1942). 

Glucosamine Content.—The glucosamine con- 
tent was 0:96%, as estimated by the Johnson 
et alii (1951) modification of the Elson Morgan 
method. 

Amino Acid Content.—Twenty-five milli- 
grammes of the protein were hydrolysed with 
three millilitres of 6N hydrochloric acid at 
too° C. for sixteen hours in a sealed tube. 
The hydrochloric acid was removed in vacuo 
over solid potassium hydroxide. Two-dimen- 
sional paper partition chromatography (butanol- 
acetic acid, phenol-ammonia) showed that the 
protein contained the same amino acids as a 
hydrolysate of purified human y-globulin, 
prepared and run under the same conditions. 

Ultra-violet Absorption.—Ultra-violet absorp- 
tion was determined in 0-IN sodium hydroxide 
(Figure IV) and the tyrosine and tryptophane 
content was estimated from the curve by the 
method of Goodwin and Morton (1946). The 
protein was found to contain 11-0% tyrosine 
and 4-0% tryptophane. 

Specific Optical Rotation (a) 18_ 

The specific optical rotation was determined 
at 18° C. for the sodium D line, with the use of 
a Zeiss-Lippich polarimeter, on a 0°45% 
solution in a tube of two decimetres’ length. 
The value was found to be —54-6°. This was 
substantially independent of the ionic strength 
over the range 0-1 to 1:0. 


Solubility Studies 


In the solubility studies supernatant protein 
concentrations were estimated by measuring 
the ultra-violet absorption at 2850 A on samples 
which had been suitably diluted with distilled 
water and made o-1IN with respect to sodium 
hydroxide. 

Solubility of the Cryoglobulin at 4°, 18° and 
37°C. in Distilled Water—The maximum 
solubility at 37° was I-I5 grammes per 100 
millilitres and the shape of the solubility curve 
(Figure V) suggests the presence of one com- 
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ponent, agreeing with the results obtained by 
electrophoresis and the ultracentrifuge. How- 
ever, at lower temperatures an anomalous 
solubility curve was obtained. Thus at 4° 
and 18° C. there appeared to be a concentration 
threshold (0-45%) below which precipitation of 
the cryoglobulin did not occur. If the con- 
centration was raised, even slightly, above this, 
there was complete precipitation of all the 
cryoglobulin in the solution. 

Effect of Ionic Strength on Solubility. — 
There was a progressive decrease in solubility 
with increasing sodium chloride concentration, 
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Ficgure IV 


Ultra-violet absorption curve of cryoglobulin, deter- 
mined in o-1N sodium hydroxide solution 


and complete precipitation occurred at 1:3M 
(Figure VI). The solubility did not vary to 
any extent with changes of pH. Adjusting 
the solution to pH 4-5 with 0-oIN acetic acid 
only reduced the sodium chloride concentration 
necessary for complete precipitation to 1-15M. 

Insoluble Material. — In the preliminary 
experiments it was noted that if the patient’s 
serum was cooled slowly (at a rate of 0-1° 
to 0-3°C. per minute) a large part of the 
precipitate did not dissolve when the serum was 
reheated to 37°C. This also occurred with 
solutions of the reprecipitated cryoglobulin. 
It was found that only 25% of the material 
precipitated by slow cooling could be redissolved 


in distilled water or physiological saline at 
37°C., in contrast with the ready solubility 
of the material obtained by rapid cooling (at a 
rate of 1° to 2° C. per minute). The “‘ insoluble ” 
component of the precipitate could be dissolved 
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in urea in excess of 5M, but not in 0-1N hydro- 
chloric acid, o-IN sodium hydroxide, 2M 
sodium chloride, ammonium thiocyanate or 
guanidine hydrochloride. It did not pre- 
cipitate when the urea solution was cooled to 
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Effect of different concentrations of saline on the 
solubility of the cryoglobulin 


4°C., but precipitated completely when the 
urea was removed by dialysis against distilled 
water or physiological saline. 

Crystallization of the Cryoglobulin. When the 
patient’s serum was cooled slowly (at 0-1° to 
0:3°C. per minute) a crystalline precipitate 
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appeared (Figure VII), whereas the precipitate 
from rapidly cooled serum was _ always 
amorphous on microscopic examination. 


Precipitation of the Cryoglobulin by Heat.— 
When the whole serum, or a solution of the 
reprecipitated cryoglobulin, was heated to 
42°C., all the cryoglobulin was precipitated. 





FicurE VII 
Microscopic appearance of precipitated cryoglobulin. 


A, Crystals from slowly’ cooled _ solution. 
B, Amorphous material and broken crystal from 
rapidly cooled solution 


Immunological tests showed only traces in the 
supernatant fluid. The precipitate was insoluble 
in acids, alkalis or urea, but dissolved on being 
heated in distilled water, or physiological 
saline, at 100°C. for five minutes. No pre- 
cipitation occurred when this solution was 
cooled. 


Immunological Studies 


Reactions of the Cryoglobulin.—Four rabbits 
were each given four injections containing 50 


milligrammes of the cryoglobulin adsorbed on 
200 milligrammes of washed aluminium 
hydroxide (Stearns’s ‘‘Creamalin’’) in two 
millilitres of physiological saline, over a period 
of twenty-eight days. In comparison with 
parallel injections of a similar amount of 
y-globulin into another series of rabbits, the 
titres obtained were not remarkably high 
(one in 450 for the cryoglobulin, as against one 
in 10,000 for the y-globulin). Reactions of the 
cryoglobulin, y-globulin, normal serum and the 
patient’s serum with antibody to these sub- 
stances are given in Table III. It can be seen 
that there is some cross-reaction between the 
cryoglobulin and the antisera to normal human 
serum and y-globulin. The supernatant fluid 


TABLE III 


Reactions of the Cryoglobulin, y-Globulin, Normal Serum 
and Patient’s Serum with Corresponding Antisera 





Antibody 
Antigen Anti- 
Cryo- 
Anti- Anti- Anti-y globulin 
| Cryo- Whole globulin | Adsorbed 
globulin Serum with 
Globulin 
Cryoglobulin oa 480 36 36 320 
y-globulin. : + | 24 | 192 960 ° 
Whole serum |} 
(normal) “ 48 240 720 ° 
Whole serum |} 
(patient’s) > 640 240 640 | 480 
Patient’s serum | | 
after precipita- | 
tion of cryo- } } 
globin .. na 40 | 240 640 | re) 


1 All titres obtained by the Medical Research Council ring test 
(1931). 


after precipitation of the cryoglobulin in 
the patient’s serum reacted but slightly with 
the anti-cryoglobulin serum. Adsorption of the 
anti-cryoglobulin serum with y-globulin caused 
only slight reduction in its titre against the 
cryoglobulin. 

Immunological Estimation of the y-globulin 
Remaining in the Patient’s Serum after Pre- 
cipitation of the Cryoglobulin—A batch of 
antiserum to purified globulin was calibrated 
against known concentrations of y-globulin 
by the method of Kendall (1938). The specific 
precipitates were determined spectrophoto- 
metrically after solution in o-IN sodium 
hydroxide. Two determinations showed that 
the patient’s y-globulin level was 0-8 gramme 
per 100 millilitres. 

Antistreptolysin——The purified cryoglobulin 
showed no antistreptolysin activity, although 
the titre of the whole serum was normal. 











































DISCUSSION 
Properties of Cryoglobulins 


Although ultracentrifugation, electrophoresis, 
viscosity and solubility determinations, immuno- 
logical study and chemical analysis have 
previously been used to investigate cryo- 
globulins, all these techniques have seldom 
been applied in a particular case. 

Eight of thirteen proteins studied in the 
ultracentrifuge had sedimentation coefficients 
between 6 and 7 Svedberg units (Holmberg 
and Gronwall, 1942; Shapiro e¢ alii, 1943; 
Flemberg, 1948 ; Olhagen, 1950; Barr et alii, 
1950; Dustin and Leonis, 1954), indicating 
molecular weights between 150,000 and 200,000. 
Two had high coefficients—2o0S in the case 
studied by Waldenstrom (1944) and 11S in 
that of Lucey e¢ alii (1950), indicating substances 
of high molecular weight (macroglobulins). 
Three were heterogeneous (Abrams e¢ alii, 1949 ; 
MacFarlane e alii, 1952; Petermann and 
Braunsteiner, 1954). In our case, although 
the sedimentation coefficients of the isolated 
cryoglobulin (6-6S at 0-45% concentration) 
was close to that of serum globulin, it sedi- 
mented much faster than normal y-globulin 
when studied in the undiluted serum. How- 
ever, when the serum was diluted to one-third 
or one-sixth, this fast component was replaced 
by slower components sedimenting with the 
albumin fraction. This finding indicates that 
the cryoglobulin is present in undiluted serum 
as a substance with a high molecular weight, 
but on dilution dissociates into fragments with 
lower molecular weights. It is difficult to 
explain the value obtained for Sy» of the isolated 
protein, except by assuming that some change 
must have occurred during isolation. Pedersen 
(1945) has stressed the importance of studying 
protein molecules in their natural environment 
before they are purified. 

The variation in the viscosity of the serum 
with dilution and temperature may also be 
explained on the basis of molecular dissociation. 
At a serum dilution of 1/4, viscosity is no 
longer greatly affected by temperature (pre- 
sumably because the cryoglobulin is all in the 
dissociated form, whatever the temperature). 
The decrease in viscosity of the undiluted 
serum with rise in temperature may also be due 
to dissociation. At concentrations of cryo- 
globulin above 0-45% the protein is completely 
insoluble at temperatures below 28°C. It is 
of interest to note that the presence of the third 
(fast) component in the sedimentation diagram, 
a high temperature coefficient of viscosity and 
complete precipitation on cooling all occur 
when the cryoglobulin concentration is above 
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0°45%. We may postulate that in undiluted 
blood at body temperature the cryoglobulin 
is in the dissociated (low molecular weight) 
form; with cooling, association occurs, and 
this is a preliminary to precipitation. Associat- 
ing-dissociating systems have been reported 
in cryoglobulins by Pedersen (1949), by Putnam 
and Udin (1953) and by Petermann and 
Braunsteiner (1954). 

The electrophoretic mobilities of cryoglobulins 
reported in the literature either have been 
between those of normal $- and y-globulins 








FicureE VIII 
Electrophoresis at 2° C. of serum diluted to one-quarter. 
Barbital buffer (pH 8-5, ionic strength 0-1); 312 
minutes; 3-4 volt cm-1. Initial boundaries at top 
of figure. Upper pattern ascending, lower pattern 
descending 
(Direct print from plate. Cell magnification, 0-63) 


or have corresponded approximately to that of 
y globulin. In our case, the whole serum 
showed an augmented “ y”’ peak, and also an 
abnormal appearance of the other components 
(see Table VI and Figure VIII), suggesting that 
the cryoglobulinemia was part of a more 
general disturbance in the protein pattern. 
Little attention has been paid to the general 
serum pattern in previous studies. The cryo- 
globulin isolated from our case migrated as a 
single component with a mobility of y-globulin. 

Quantitative amino acid analysis carried 
out on a cryoglobulin by Dustin and Leonis 
(1954) indicated certain differences in com- 
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position from normal y-globulin. Qualitative 
amino acid analysis by paper partition 
chromatography on our cryoglobulin showed the 
presence of all the amino acids found in normal 
seruin globulins. The tyrosine and tryptophane 
contents, determined spectrophotometrically, 
were I1°0% and 4:0% respectively, as com- 
pared with the values for serum globulin of 
7-4% and 28% (Beaven and Holiday, 1952). 


The few nnnandinatedl studies undertaken 
have indicated that cryoglobulins are usually 
antigenically distinct from normal serum com- 
ponents. Thus Packalen (1940) found that the 
cryoglobulin isolated by von Bonsdorff e¢ alii 
(1938) gave an antiserum which reacted with 
it to a titre of 1/8000, but only to 1/64 with 
normal serum. Similarly, Schwartz and Jager 
(1949), Lucey e¢ alii (1950) and MacFarlane 
et alit (1952) found only slight cross reaction 
with normal serum or purified y-globulin. 
On the other hand Shapiro et alii (1943) obtained 
an antibody to cryoglobulin which reacted to 
1/100,000 with normal serum. Our findings 
have been in line with the majority of workers, 
in that there was only a small cross reaction 
with normal serum or purified y-globulin. 


Clinical Significance of Cryoglobulinemia 


The reported instances of cryoglobulinemia 
can be discussed conveniently under two heads. 
In one group, A, attention was drawn to some 
peculiarity of the blood or serum on being 
cooled to room temperature, or the patient 
presented with symptoms which were recognized 
as due to cryoglobulinemia; the abnormal 
protein was often present in high concentration 
(one gramme or more per 100 millilitres). In 
the other group, B, the cold-precipitable 
proteins were found in particular diseases after 
diligent search, it usually being necessary to 
keep the serum for twenty-four to forty-eight 
hours or longer in a refrigerator, and were 
usually present only in small amounts (25 milli- 
grammes per 100 millilitres or less). The 
classification is not rigid because there are 
borderline cases. 

The cases of cryoglobulinemia in group B 
will be mentioned only briefly. Wertheimer 
and Stein (1944) reported their presence in 
kala-azar, in subacute bacterial endocarditis, 
in nephrosis, in uremia, in Gaucher’s disease, 
in Niemann-Pick disease and in hepatic cirrhosis 
with hemochromatosis. Lerner e¢ alii (1947) 
searched for cryoglobulins in the serum of 40 
normal persons and 121 patients with various 
diseases. They were absent from the serum of 
normal persons, and present in those from 31 
of the patients. Apart from the one patient 





with severe cryoglobulinemia (included in our 
group A), the cryoglobulins were present in 
small amounts (under 25 milligrammes per 
100 millilitres), and a precipitate did not appear 
immediately on cooling. The presence of 
cryoglobulins has been mentioned as a possible 
diagnostic sign in folyarteritis nodosa (Lepow 
et alii, 1949), in subacute bacterial endocarditis 
(Dreyfuss and Librach, 1952) and in lupus 
erythematosus (Kofman e¢ alii, 1955). 

We have found in the literature 36 cases 
belonging to our group A, and have selected 
31! in which some clinical details are given, 


TABLE IV 
Diagnoses in 32 Cases of Cryoglobulinemia 








Number of 
Diagnosis Cases 
Myeloma or probable myeloma’ .. 15 
Other conditions with increase in plasma ‘cells in 
bone marrow* ga ari ~ a «9 6 


Miscell aneous— 
Chronic lymphatic leuchemia*® e ae 2 
Polyarteritis nodosa* .. ea “s és 279 
Cirrhosis of liver® > . ee I 
? Paget’s disease, ? reticulosis® - I 

No satisfactory diagnosis? a" “i ee a 6 








Total 32 








1 Wintrobe and Buell (1933), von Bonsdorff e¢ alii (1938), Bing 
(1940), Shapiro et alii (1943), Flemberg and Lehman (1944), Flemberg, 
Case 3 (1948), Hill et alti (1949), Olhagen, Case 1 (1950), Olhagen, 
Case 2 (1950), Dalgaard (1950), Barr et alii, Case 2 (1950), Rorvik 
(1950), Blades (1951), Dustin and Leonis (1954), Osserman and 
Lawlor (1955). 

2 Gilbert-Dreyfus and Savoie (1949), Hansen and Faber (1947), 
MacFarlane et alii (1952), Muirhead et alii (1952), Harvier et alt 
(1953), Hutchinson aad Howell (1953) 

3 Schwartz and Jager (1949), Craig et alii (1952). 

‘Shapiro and Wertheimer (1946). 

5 Griffiths and Gilchrist (1953). 

® Lucey et alii (1950). 

7 Holmberg and Grénwall (1942), Waldenstrém (1944), Lerner and 
Watson (1947), Flemberg, Case 2 (1948), Barr et alit, Case 1 (1950), 
present case. 


using these together with our own case, in 
order to assess the clinical picture associated 
with this condition. 

In 17 of 18 cases in which the level of cryo- 
globulin was stated, it was above 150 milli- 
grammes per 100 millilitres, the highest value 
being 8-9 grammes per 100 millilitres (Case 2 
of Barr et alii, 1950). Paradoxically, one case 
included in the group was described by the same 
authors (Case 1 of Barr e¢ alii, 1950), with a 
cryoglobulin concentration of only 22 milli- 
grammes per 100 millilitres. This case is 
included because, in spite of this low level, the 
patient had symptoms from cold and other 
features described in patients with the higher 
levels of cryoglobulin. The diagnoses in these 
cases are summarized in Table IV. 


1See footnote to Table IV. 
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In two of the cases included under “no 
satisfactory diagnosis” (case of Lerner and 
Watson, 1947, and Case 2 of Flemberg, 1948), 
death occurred from chronic nephritis; but 
this seemed to be a late development and 
probably not related to the pathogenesis of the 
cryoglobulinemia. One patient was said to 
have “‘arthritis’’ (Holmberg and Grénwall, 
1942), and in one (Barr et alii, 1950, Case 1), 
no diagnosis was made. Waldenstrém (1944) 
postulated that the abnormal protein pattern 
in his patient indicated a condition of ‘‘ incipient 
myelomatosis ’. However, there seemed little 
evidence for myeloma at the time of his report. 
In the absence of any other diagnosis, these 
five cases may be labelled provisionally as 
“essential cryoglobulinemia!”’. The case 
described in this paper is the sixth. 


The age and sex incidence in the previously 
reported cases and in the present case, together 
with the frequency of various clinical features, 
are shown in Table V. 


The hematological changes occurring fre- 
quently with cryoglobulinemia warrant brief 
mention. Anemia was present in all but two 
of the 27 cases in which reference is made to the 
hemoglobin concentration (the exceptions being 
Case 1 of Barr et alii, 1950, and our own case). 
Of the 25 cases in which the red cell sedimenta- 
tion rate is recorded, this was raised in all but 
one (the exception being in the case of 
Hutchinson and Howell, 1953). In some 
instances, the sedimentation rate was apparently 
low when the test was made at room temper- 
ature, but was considerably raised at 37° or 
40°C. In our case the sedimentation rate was 
normal at room temperature and moderately 
raised at 37°C. 

The commonest age incidence was in the 
sixth decade, the mean age of presentation 
being fifty-five years. Males predominated 
in the ratio of two to one. 

Certain symptoms occurred with such fre- 
quency that it appeared that they were in some 
way related to the cryoglobulinemia. In over 
half the cases it was noted that symptoms 
were produced or aggravated by exposure to 
cold. In order of frequency, the symptoms 
were: external hemorrhages (usually from 
nose or gums), purpura and other types of 
bleeding into tissues, cyanosis of extremities, 


1Since this paper was submitted for publication, 
our attention has been drawn to several further reports 
on cryoglobulinemia (Marshall and Malone, 1954; 
Steinhardt and Fisher, 1955; Gunz, 1956; Shaw and 
Dobbie, 1956). Those of Steinhardt and Fisher and 
of Gunz are apparently cases of 
globulinemia ”’. 


“essential cryo- 
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Raynaud’s phenomenon, blindness or impaired 
vision, deafness and_ ulceration. Unusual 
symptoms, believed by the authors of the 
particular case reports to be due to the cryo- 
globulinemia, were gangrene of fingers 
(Hutchinson and Howell, 1953) and symptoms 
of heart failure due to pulmonary hypertension 



































(one case). The figures given in Table V 
TABLE V 
Clinical Features in 32 Cases of Cryoglobulinemia 
_ Table Va: Age Incidence 
Number of 
Age in Years Patients 
20+ I 
30+ I 
40+ ams oe ee ee 4 
50+ se oe oe oe 18 
60+ 6 
7Oo+ 2 
Tetel .. ot ne 32 
Table VB: Sex Incidence 
Number of 
Sex Subjects 
Male be re nc ns 20 
Female .. es ee oe II 
Not stated 
Total .. . ar 32 
Table Vc: Signs and Symptoms 
Number of 
Signs and Symptoms Cases 
Symptoms from cold. . ‘3 ae Ae is 16 
External hemorrhages eh 16 
Purpura and other hemorrhages into tissues re 14 
Cyanosis of extremities 10 
Hypertension (systolic blood pressure greater than 
160 millimetres of mercury or diastolic blood 
pressure greater than roo millimetres of eames 9 
Raynaud’s phenomenon “* < 7 
Blindness or impaired vision 6 
Deafness a ° 6 
Ulceration 5 








probably do not represent the true incidence of 
particular symptoms, because some of the case 
reports are very brief, and lack of mention of a 
particular symptom does not necessarily mean 
its absence. However, in one instance in 
which the description of the serum indicates a 
moderate concentration of cryoglobulin (Blades, 
1951), it is stated that the usual symptoms 
associated with cryoglobulinemia were absent. 
Some symptoms, such as bone and joint pains, 
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although mentioned frequently in the case 
reports, have not been included in Table V 
because they are most likely due to the under- 
lying disease (usually multiple myelomatosis). 
Hypertension was present at some stage in 
nine of the 14 cases in which the blood pressure 
was stated. 

A study of the literature does not give 
much information concerning the course of the 
disorder. Often the patient had an underlying 
fatal condition, usually myelomatosis. However, 
cryoglobulinemia per se seems to be compatible 
with a fairly long survival. Thus, among the 
“essential” cases, Flemberg’s second patient 
and Lerner and Watson’s patient survived for 
four and ten years respectively before dying 
from chronic nephritis. The first patient of 
Barr et alii was still alive after having symptoms 
for ten years. Our own patient is still reason- 
ably well after having symptoms for five years. 
Among the cases with “‘ plasmocytosis ” in the 
bone marrow (but without myeloma), Hutchin- 
son and Howell’s (1953) patient was still alive 
after having had symptoms for four years. 


Relation of Physical Properties of Cryo- 
globulins to Clinical Features 


Although certain symptoms are commonly 
associated with the presence of cryoglobulins, 
we must not necessarily assume that they are 
caused by them. They may be due to the 
underlying disease or to some abnormality of 
the serum other than the cryoglobulinemia. 
Thus purpura and a bleeding tendency have 
been described by Waldenstrém (1952) in 
hyperglobulinemia and macroglobulinemia, 
which features may also occur with cryo- 
globulinemia. However, cryoglobulinemia may 
occur without hyperglobulinemia and yet be 
associated with characteristic symptoms. Five 
patients with cryoglobulinemia in the literature 
with a total globulin content less than three 
grammes per 100 millilitres (Shapiro and 
Wertheimer, 1946 ; Lerner and Watson, 1947 ; 
Flemberg, Cases 2 and 3, 1948; Barr et alit, 
Case 2, 1950) as well as our own patient, showed 
some of the clinical features listed in Table V. 
As was mentioned earlier, the sedimentation 
coefficients of isolated cryoglobulins have usually 
been similar to that of normal serum y-globulin. 
However, in our case, as in that of Petermann 
and Braunsteiner (1954), the cryoglobulins 
when studied in the whole serum behaved as 
a macroglobulin. 

In searching for a relationship between the 
physical properties of cryoglobulins and the 
associated clinical features, we should look for 
a possible physiological disturbance causing a 





group of symptoms, and a property of the 
cryoglobulin which may cause this disturbance. 


The symptoms in cryoglobulinemia belong 
mainly to two groups: hemorrhages into the 
tissues or from mucous membranes on the one 
hand, and features of impaired blood flow, 
producing cyanosis, Raynaud’s phenomenon, 
gangrene or ulceration and possibly blindness 
and deafness, on the other. It is possible 
that these may have a similar mechanism : 
obstruction to blood flow, sometimes severe 
enough to cause necrosis of vessel walls and 
later hemorrhages when the circulation is 
restored, and sometimes simply slowing of the 
circulation. 

There are at least two properties of cryo- 
globulins which may be responsible for this 
disturbance: actual precipitation of particles 
at low temperatures, and increase in viscosity 
with cooling. For precipitation of the protein 
to cause symptoms, this must occur at temper- 
atures encountered in the tissues. In cold 
weather the temperature of the skin (and 
presumably of the blood in the superficial 
vessels) may fall to almost room temperature. 
Precipitation of protein at room temperature 
or higher has been observed by previous workers 
(Gilbert-Dreyfus and Savoie, 1949; Hill et aliz, 
1949; Lucey et alii, 1950; Barr et alii, 1950; 
Harvier et alii, 1953 ; Dustin and Leonis, 1954) 
and also in our own case. Increase in viscosity 
of the serum on cooling has been recorded in 
our case and in several other instances (Hansen 
and Faber, 1947; Hill e¢ alii, 1949; Rorvik, 
1950; MacFarlane e¢ alii, 1952; MHarvier 
et alii, 1953). 

Although most of the patients showed both 
sets of symptoms, hemorrhagic and circulatory, 
in some cases one or other type has been present 
alone or has predominated, and it would thus 
seem likely that they may be produced by 
different mechanisms. Plugging by precipitated 
protein would be most likely in the smallest 
vessels, the arteriolar “‘ bottle neck”’, and in 
areas subjected to lowest temperature—that is, 
in the skin—and might give rise to purpuric 
hemorrhages, due to ischemic necrosis of small 
areas. Intravascular precipitation of protein 
has been noted in histological specimens from 
patients with this symptom (Flemberg, 1948 ; 
Olhagen, 1950), but the significance of this is 
doubtful owing to the inevitable cooling of 
tissue after removal. Acrocyanosis or Raynaud’s 
phenomenon is more readily explained on the 
basis of a general circulatory slowing, such as 
would occur from increased blood viscosity in a 
chilled extremity. Hansen and Faber (1947) 
noticed diminished pulse waves in digits during 
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an attack of Raynaud’s phenomenon in a patient 
with cryoglobulinemia, and believed that the 
attacks were produced by reversible plugging 
of vessels by precipitated protein. They may, 
however, also result from marked increase in 
viscosity. Small particles of precipitated 
protein cannot block vessels of the size of digital 
arteries, although this may occur from “ gelling ” 
of the whole serum. Frank gangrene of digits 
has been noted in only one case of cryoglobulin- 
emia (Hutchinson and Howell, 1953). 


In our case (as in several of the cases reported 
previously) the main symptom was purpura, 
and Raynaud’s phenomena were not observed. 
This indicates that the main disturbance was 
obstruction of small skin vessels. Apparently 
the change in viscosity with temperature was 
not sufficiently pronounced, or because of the 
patient’s good initial circulation there was not 
sufficient cooling of the blood to produce the 
increase in viscosity necessary to impede blood 
flow severely. 

In some of the examples of cryoglobulinemia, 
no mention is made of the symptoms commonly 
associated with this condition. It is not possible 
to analyse these cases critically, either because 
the clinical report is meagre, or because the 
level of the cryoglobulin in the serum, the 
temperature at which it precipitates and the 
changes in blood (or serum) viscosity with 
cooling are not stated. A striking anomaly is 
provided by the case of Lucey e¢ alii (1950), 
in which the patient suffered from hemorrhagic 
manifestations and the serum was noted to be 
solid at room temperature, yet the patient was 
not unduly sensitive to cold. One can only 
assume that in this case the serum behaved 
differently in vivo from in vitro. Apart from 
chilling, other factors may cause (or facilitate) 
precipitation from serum. Holmberg and 
Gronwall (1942) noted in their case that a 
precipitate appeared within a few hours at 
room temperature with blood in a tube opened 
to the air, but not when the tube was sealed. 
Flemberg (1948) observed a similar phenomenon 
in one of his cases. 


Treatment 
Apart from the obvious necessity of avoidance 
of cold, no remedy has been reported of any 
proven value in cryoglobulinemia. 


Possible methods that might be explored 
are : removal of the cryoglobulin by phlebotomy, 
decreasing its production, and the addition 
of some substance to the blood to modify its 
physical properties. Barr et alii (1950) found 
that phlebotomy and exchange transfusion had 
no significant effect on the level of the cryo- 


globulin. This is to be expected because later 
workers (Hardy and Putnam, 1955) have 
shown that the turn-over rate of cryoglobulin 
is rapid. Effersée et alii (1952) reported that 
corticotrophin reduced the concentration of 
myeloma protein in myelomatosis, and it was 
hoped that this substance, or cortisone, might 
also decrease the production of cryoglobulin. 
Administration of cortisone (100 milligrammes 
daily) to our patient for three weeks failed to 
influence the level of the cryoglobulin. Osserman 
and Hines (1955) administered 6-mercapto- 
purine to a patient with multiple myeloma and 
cryoglobulinemia, and found that this was 
followed by a decrease in the level of the 
abnormal protein and prolongation of the time 
for cold precipitation. However, the treatment 
had to be ceased because of the development 
of leucopenia, and the patient failed to respond 
to a second course. 


SUMMARY 


A case is reported of purpura associated with 
cryoglobulinzmia. 


The following abnormalities found in the 
patient’s serum are reported: (a) A precipitate 
formed on cooling to room _ temperature. 
(b) The serum showed an abnormal increase in 
viscosity on cooling. (c) Electrophoresis showed 
an abnormal protein pattern, with a high peak 
in the y-globulin position. Ultracentrifugation 
gave anomalous results, in that with undiluted 
serum there was an abnormal fast component, 
whereas with diluted serum this component 
disappeared and there was an increase in the 
region of the albumin peak. This indicates a 
dissociating system. 


The cryoglobulin was 
characterized. 


isolated and 


From a survey of the literature the clinical 
significance of cryoglobulinemia is discussed. 
The commonest underlying disease is multiple 
myelomatosis, but it may also occur in other 
conditions and sometimes without any apparent 
pathological basis. 


The presence of cryoglobulins in high con- 
centration is usually associated with a character- 
istic clinical picture, the main features of which 
are an hemorrhagic tendency and circulatory 
impairment, particularly on exposure to cold. 


The mechanism of these features is discussed, 
and it is concluded that they may be produced 
either by increased viscosity on cooling or by 
blocking of vessels by precipitated protein. 


No treatment of proven value is at present 
available for cryoglobulinemia. 
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Electrophoresis at 2° C. of a 0-45% solution 

of isolated cryoglobulin. Barbital buffer 

(pH 8-5, ionic strength 0-1); 380 minutes ; 

5:0 volt cm-!. Initial boundaries at top of 

figure. Upper pattern ascending, lower 
pattern descending 
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ADDENDUM: ELECTROPHORETIC AND 
ULTRACENTRIFUGAL STUDIES 


(H.F.H., J.P. and I.0’D.) 


Electrophoresis —After dilution with three 
times its volume of barbital buffer (pH 8-5, 
ionic strength 0-1), the serum was dialysed at 
room temperature against the same buffer. 
It was then submitted to electrophoresis at 
2°C. in a Tiselius apparatus with Philpot- 
Svensson optical system (Holden e¢ alii, 1952). 
A 0°45% solution of the isolated cryoglobulin 
was dialysed and examined in a similar manner. 


TABLE VI 


Mobilities and Proportions of Components in Patient's 
Serum Compared with Figures Published for Normal 

















Serum} 
Patient’s Serum Normal 
Concen- Concen- 
Component Mobilities tration Mobilities tration 
(—1x10-§ |(Grammes} (—1x10-* |(Grammes 
volt! sec! cm?) per volt—? sec—? cm?) per 
Centum) Centum) 
Albumin .. 6-3 3°60 5°94 4°04 
,-globulin 5°3 0-28 5°07 0°31 
,-globulin 4°6 I‘10 4°08 | 0°48 
(approximately) 
(-globulin 3° 0°57 2°83 0-81 
|(approximatel y) 
y-globulin. . | Io | 1-61 1-02 0-74 
| 











1 Mobilities from Dole (1944) ; concentrations from Hoch (1950). 


Electrophoretic patterns of the serum and 
of the cryoglobulin are shown in Figures VIII 
and IX respectively. Table VI shows the 
proportions and mobilities of the components 
of the patient’s serum and average figures for 
normal serum (Dole, 1944; Hoch, 1950). An 
interesting feature of the serum is that the 
y-globulin content is greater than normal ; 
the isolated cryoglobulin moved on a single 
boundary whose mobility (—1-4x10-5 
volt—! sec.~! cm.?) was close to that of y-globulin. 


Ultracentrifugation.—Ultracentrifuge studies 
were made at 28°C. and 830 revolutions per 
second on the serum at several dilutions, using 
a modified ‘‘Phywe” air turbine  ultra- 
centrifuge (I.0’D.). In the undiluted serum, 
three components were observed, with sedimen- 
tation coefficients (corrected for temperature to 
20°C. and for viscosity) of 2-3, 4°2 and 5-3 
(Figure XA). The first two components corres- 
pond to the albumin and globulin of the serum, 
whilst the third is assumed to represent the 
cryoglobulin. The vertical bars observed in 
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the pattern represent regions of refractive 
index gradient in the ultracentrifuge cell so 
great that the entering light beams are deviated 
from the optical system. This is due to the 
high concentration of protein. On dilution of 
the serum to one-half with physiological saline, 
the fast component was still present, although 
further dilutions to one-third and one-sixth 
(Figure XB) abolished it. A feature of the 


pattern of the diluted serum is the skewness of 
the albumin peak, which suggests the presence 


FIGURE X 


Ultracentrifuge patterns of patient’s serum. 
A, undiluted. Photograph taken 120 minutes 
after reaching top speed of 830 revolutions 
per second. Mean’ temperature 28°C. 
Direction of sedimentation in pattern from 
right to left. B, diluted to one-sixth in 
0:2M saline. Photograph taken 115 minutes 
after reaching top speed of 830 revolutions 
per second. Mean temperature 26-2°C. 
Direction of sedimentation in pattern from 
right to left 


of another component between the albumin and 
the globulin. This could be due to the dis- 
aggregation of the fast component (Figure Xa) 
on dilution of the serum into fragments which 
sediment at a slightly higher rate than the 
albumin peak in Figure XB. 

A 0°45% solution of the isolated cryoglobulin 
was studied in an air turbine ultracentrifuge at 
18° C, and goo revolutions per second (H.F.H.). 
A single component with a _ sedimentation 
coefficient (Sy) of 6-6 was observed. Comparable 
values were found for preparations of cryo- 
globulin obtained from the patient’s serum over 
a period of several months. A more detailed 
study would be necessary to account for the 
difference between these values and the sedi- 
mentation coefficients obtained in whole serum. 
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PLASMA AND BLOOD VOLUME IN ANAEMIA AND THE EFFECT 
OF TRANSFUSION! 


H. M. WuytTe? 
From the Kanematsu Memorial Institute of Pathology, Sydney Hospital 


ALTHOUGH the reported results are somewhat 
conflicting, it is generally accepted that in 
anemia the total blood volume is little reduced, 
an increase in plasma volume making up for 
the reduced corpuscular volume (Wintrobe, 
1951; Mollison, 1951). Mbollison states that 
plasma volume can alter rapidly, and except 
when venous hematocrit values of approxi- 
mately 55% are exceeded, it is adjusted so as to 
keep the sum of plasma and cell volume 
practically constant. 

In most instances workers have interpreted 
their measurements as showing some reduction 
in the total blood volume in anemia, but they 
have varied widely in their assessment of the 
abnormality, if any, in plasma volume. Some 
hold that there is a complete compensatory 
expansion of the plasma to restore the total 
blood volume to normal. Others have suggested 
that there is an active decrease in plasma volume 
to maintain the hemoglobin concentration as 
high as possible (Sharpey-Schafer, 1944). But 
in many investigations the truth is obscured 
by the doubtful validity of the methods used 
to.measure blood volume, by the fact that few 
serial measurements have been made in 
individual patients, and because of the difficulty 
of knowing what the normal volumes should be. 
Variation from “normal” is_ particularly 
difficult to judge when measurements have been 
made in numbers of different patients suffering 
from various types of anemia, and the assess- 
ment is sometimes complicated by loss of 
weight, by impaired nutritional state and by 
cardiac and other abnormalities. Recent 
reports of serial measurements in animals have 
shown that total blood volume varies consider- 
ably in anemia, while the plasma volume 
remains constant, except perhaps when the 
hemoglobin concentration is very low (Darian 
Smith and Simmonds, 1954; Bush e alii, 
1955). 

The subject has been reexamined in the 
present study by measuring plasma volume 


1 Received on March 6, 1956. 
2Senior Clinical Research Fellow, 
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(Evans blue dye and plasma extraction being 
used) and determining blood volume before 
and after transfusions of blood in anemic 
patients. The relation to “ normal volume” 
has been assessed from the trend in the changes 
observed as the hemoglobin concentration was 
restored towards normal, and from observations 
made in non-anemic control subjects. 


METHODS 
Plasma and Blood Volume 


Plasma volume was measured by the dye- 
dilution method with the use of Evans blue 
(T-1824). A measured quantity, about five 
millilitres, of an autoclaved solution of dye in 
distilled water (four milligrammes per milli- 
litre) was injected intravenously, and then four 
samples of blood were drawn from another vein 
at intervals of eight to ten minutes. These 
samples, each of 10 millilitres, were usually 
taken through one needle left in place and 
filled with heparin-containing saline between 
samplings. Powdered heparin was used as 
anticoagulant. The hemoglobin content 
(Medical Research Council grey wedge photo- 
meter) and hematocrit (3000 revolutions per 
minute for fifty-five minutes, radius 15 centi- 
metres) of the pre-injection specimen and each 
of the four post-injection samples of blood were 
measured. Dye was extracted by a modification 
of the method of Allen (1951) from duplicate 
two-millilitre quantities of plasma from each 
of the five samples of blood, and optical density 
measurements were made with a Beckman 
quartz spectrophotometer at a wave-length of 
620 millimicrons. The concentration of dye 
in the plasma at the time of injection, thorough 
mixing and no loss being assumed, was estimated 
by linear extrapolation of the optical densities 
measured in the serial samples and reference 
to a standard calibration curve prepared for 
each batch of dye solution. 


Total blood volume was estimated from the 
plasma volume and the average hematocrit 
value corrected for trapped plasma (Chaplin 
and Mollison, 1952). 
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Subjects 

Most of the subjects were in-patients. Blood 
volume determinations were made during the 
morning, on non-fasting patients, after they 
had lain in bed for at least thirty minutes. 
At least four days were allowed to pass before 
determinations were made after transfusions of 
blood. Measurements were made of blood 
pressure, pulse rate, height, weight and jugular 
venous pressure. Standard weight for sex, 
height and age was taken from the tables 
reproduced by Duncan (1943). Surface area 
was calculated from the formula of DuBois and 
DuBois (1916). 
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The results of two injections of dye one hour apart 


RESULTS 
Accuracy 


Plasma volume and blood volume were 
measured in three subjects and the measure- 
ments were repeated one hour later. One 
subject had 14-0 grammes of hemoglobin per 
100 millilitres of blood. The other two were 
anemic—8-6 and 9:1 grammes of hemoglobin 
per 100 millilitres. The concentration of dye 
produced in the plasma of one patient by these 
two injections is shown in Figure I, and the 
estimated volumes for each of the three subjects 
are shown in Table I. The difference between 
estimates is snall, the maximum being 2°6%. 
In each case both the plasma and the whole 
blood volumes were calculated to be greater 
on the second occasion, which may be due to 
real changes induced by prolonged rest in bed 
(Widdowson and McCance, 1950) which more 
than counterbalanced the loss of several samples 
of blood, At any rate, the results provide 








































PLASMA AND BLOOD VOLUME IN ANZMIA 193 


conclusive proof that the rate of removal from 
the blood-stream of a second injection of dye 
does not differ from that of the initial injection. 
This agrees with other observations in rabbits 
(Courtice and Gunton, 1949) and in humans 
(Freinkel e¢ alii, 1953), and supports the 
belief that the reticulo-endothelial system does 
not “ gobble” up the first lot of dye and then 
behave as though “ blocked” to the remaining 
or subsequent injections of dye. 


TABLE I 


Double Measurements, One Hour Apart, of Plasma 
and Blood Volumes in Three Subjects 























| Plasma Volume Blood Volume 
(Millilitres) (Millilitres) 
} 
Estimate | | 
(@ | | ©} @)|o}]@ 
| 
RE TE REN GENE 
First estimate or | 3410 | 3200 | 3320 | 5470 | 4520 | 4440 
Second estimate ee | 3500 3240 | 3360 | 5480 | 4540 | 4500 
es J 
= 
Difference ee _ | go 40 | 40 | 10 20 60 














Approximate measurements of the volume 
of red cells given by transfusion to six anemic 
patients compared as shown in Table II with 
the increments in cell volume calculated from 
determinations of blood volume before and 
after transfusion. 








TABLE II 
Number Blood Calculated 
° Transfused Increase 
Patient (Millilitres) (Millilitres) 
I 780 800 
3 750 800 
2 800 730 
8 1000 1080 
12 goo 990 
14 660 610 











Constancy of Volumes in Control Subjects 


Plasma and blood volumes were measured 
on two occasions, four to ten days apart, in 
each of seven subjects who were non-anemic, 
but in other respects appeared comparable with 
the anemic patients under study. The plasma 
volume decreased in three patients and increased 
in four, the mean values being 2-79 litres on the 
first occasion and 2°88 litres on the second, with 
a standard deviation for the differences of 
0-103 litre. Steinbeck (1954) found a standard 
deviation of 0-15 litre for the differences in 
plasma volumes measured six months apart in 
six women. Inkley ef alii (1955) found a 
standard deviation of 0-156 litre for double 
estimates several days apart, and Hallberg 
(1955) a standard deviation of 0-184 litre for 
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measurements on successive days. It would be 
unreasonable to believe that plasma volume 
should have changed significantly over a period 
of a few days in the subjects of the present 
investigation unless the estimated difference 
should exceed 250 millilitres. 


The total blood volume apparently decreased 
in two and increased in five of these subjects. 
The mean values were 4-84 litres initially and 
4°87 litres on the second occasion, with a 
standard deviation for the differences of 0-296 
litre. Estimates of blood volume made some 
days apart on these hospital subjects can, 
apparently, disagree by anything up to 600 
millilitres, owing to variations attributable to 
environmental conditions, posture, bodily 
nutrition and hydration, and to the technique 
of measurement, quite apart from the changes 
induced by disease. 


The Effect of Blood Transfusion 


The causes of anemia were blood loss in 10 
cases (peptic ulcer seven, varices one, carcinoma 
of stomach one, carcinoma of the colon one), 
aplastic anemia in three (Cases 3, 4 and 13), 
and myelofibrosis with hypersplenism in one 
(Case 1). Eight subjects were males and six 
females. Packed red cells were transfused to all 
patients except one (Case 6), who received two 
litres of whole blood. 


TABLE III 


Measurements Before and After Blood Transfusion in 
14 Patients 








Hemoglobin 
Before or Value Plasma Blood 
After (Grammes Volume Volume 
Transfusion per Centum) (Litres) (Litres) 
Before 5°6 (3-0- 8-8) | 3°535+0-308 4°304+0:378 
After 11-3 (8+9-15-1) 3°281+0-291 5°059+0°414 














The mean overall changes which were 
observed are shown in Table III. ‘While the 
hemoglobin value doubled, the total blood 
volume increased by an amount 755-+105 
millilitres, which was three times as great as 
the reduction in plasma volume, 254+58 
millilitres. The significance of a reduction in 
plasma volume as a result of transfusion is 
enhanced by the fact that it occurred in 12 of 
the 14 cases ; in one there was a small increase 
and in one no change was recorded. However, 
the relative changes in plasma volume and 
total blood volume were by no means uniform 
in this series of cases. This is illustrated in 
Figure II. In eight of the patients (Cases 
I to 8) there was little or no reduction in plasma 
volume, so that more than 80% of the increased 
cell volume was accommodated by expansion 


of the total blood volume. In five patients 
(Cases g to 13), half or less of the increased 
cell volume was accommodated in this way, 
the reduction in plasma volume being greater 
than the expansion of the total volume. Changes 
shown by the remaining patient (Case 14) 
fell between these two groups. Apart from 
this difference in the manner of their adjustment 
to blood transfusion, these groups of patients 
could not be distinguished by any other 
features—cause, severity or duration of anemia, 
initial volumes, amount of blood transfused, 
sex, age, blood pressure or change in blood 
pressure with transfusion. 
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Plasma and blood volumes measured before and after 

transfusions of blood in 14 anemic patients. In 

subjects I to VIII the total volume rose markedly 

while the plasma volume changed but little. In 

subjects IX to XIII the decrease in plasma volume 

was at least as great as the rise in total volume 
(m., myelosclerosis ; a., aplastic anemia) 


So that the plasma volume and blood volume 
of different individuals may be compared, 
they are commonly expressed as volume per 
kilogram of body weight. These figures for the 
anemic patients before and after transfusion, 
together with the volumes as related to other 
body measurements, are shown in Table IV. 
Similar relationships for control, non-anzmic, 
subjects are shown in Table V. The general 
effects of transfusion are again apparent—a 
small decrease in plasma volume and a pro- 
nounced increase in total blood volume. The 
variability in volumes among the different 
anemic patients is least when the results are 
related to the patient’s ‘“‘ usual’’ body weight 
or to his present weight ; but the plasma and 
blood volumes of the control subjects with 
normal hemoglobin levels correlate best with 
the present surface area and the present body 
weight. When the results in the two groups 
are compared, the anemic patients initially 
had a plasma volume 20% or more in excess of 
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TABLE IV 
Plasma and Blood Volume as Related to Height, Weight and Surface Area in 14 Anemic Patients. Measurements 
after Blood Transfusion ave in Parentheses! 
Weight Surface Area 
Height (Millilitres per Kilogram) (Millilitres per Square Metre) 
Observation (Millilitres _ 
per | 
Centimetre) Present Original Standard Present | Original Standard 
Plasma volume : 
Mean oe oe | 20°98 (19°37) | 57°86 (53°81) | 49°34 (45°68) | 50°86 (47°05) [2064-0 (1915°0) |1932-0 (1789-0) |1967-0 (1820-0) 
Standard deviation 6°26 (5:76) 9°94 (8°73) 5°91 (5°80) | 14°75 (10°39) | 417°0 (381-0) | 385-0 (362-0) 576-0 (534°0) 
Coefficient of varia- 
tion (per centum) 29°9 (29°7) 17°2 (16-2) 12°0 (12°7) 29°0 (22-1) 20°2 (19:9) 19°9 (20-2) 29°3 (29°3) 
Blood volume : 
Mean «+ «+ | 25°44 (29°92) | 70°39 (83°47) | 59°93 (71°42) | 61-87 (72°74) |2511-°0 (2965-0) |2349°0 (2769-0) |2392-0 (2814-0) 
Standard deviation 7°64 (8°32) | 12°65 (13-63) 7°03 (9°31) | 17°98 (19°35) | 514°0 (548-0) | 473-0 (520-0) | 700-0 (759-0) 
Coefficient of varia- 
tion (per centum) 30°0 (27:8) 18-0 (16+3) Ir*7 (13-0) 28-9 (26-6) 20°5 (18-5) 20°r (18-8) 29°3 (27-0) 





























1 Mean values: height, 168-2-+2-+9 centimetres ; weight, present 61-6+4°5 kilograms, original 71-2-+4-7 kilograms, standard 69-3+2°1 
kilograms ; surface area, present 1-689 -+0-066 square metres, original 1-801 +0-066 square metres, standard 1-790-+0-045 square metres. 


the control subjects, and a total blood volume 
8%, below them; after transfusion the plasma 
volume of the anemic group still exceeded 
that of the controls by 8%, while the total 
volume also was greater by 4%. As with the 
absolute values, the changes in volume expressed 
as millilitres per kilogram varied considerably 
among individual patients (Figure III). 
Different modes of response in anemia are 
illustrated by the measurements made on 
three patients, shown in Figure IV. The 
first, a man with aplastic anemia (Case 13), 
maintained his blood volume almost constant 
whilst his plasma volume varied. In the second 
(Case 1) plasma volume stayed constant, while 
the total volume increased with the hemoglobin 
concentration. This patient had arteriosclerotic 
heart disease in addition to myelosclerosis, 
and was under continuous treatment with 
digitalis. But, in spite of the increase in blood 


volume caused by the transfusions, his venous 
pressure fell from 10 to five and then to two 
centimetres. The third example (Case 10) 
showed progressive changes in both the total 
blood volume and the plasma volume with 
successive transfusions. 


Normal Plasma and Blood Volume 


Blood volume obviously varies among 
different individuals according to body size; 
but it is uncertain how the normal volume for 
any particular person can most accurately be 
predicted or on what basis the volumes found in 
different persons are best compared. Various 
workers have expressed plasma and blood 
volumes as volume per centimetre of height, 
per square metre of surface area or, most 
commonly, per kilogram of body weight. The 
present series of results has been examined for 
the most satisfactory manner in which these 


TABLE V 


The Relation of Volume to Height, Weight and Surface Avea in 15 Non-Anemic Subjects (Mean Hemoglobin Value 
93%, 13:8 Grammes per Centum, and Corrected Hematocrit 40-3%)' 




















Weight Surface Area 
Height (Millilitres per Kilogram) (Millilitres per Square Metre) 
Observation (Millilitres 
per 
Centimetre) Present Original Standard Present Original Standard 
Plasma volume : 
Mean .. ae Pa 16°49 47°61 41°17 40°05 1665-0 1566-0 1549°0 
Standard deviation 2°36 4°92 5°05 5°44 144°0 165-0 210°0 
Coefficient of variation 
(per centum) zy 14°3 10°3 12°3 13°6 8-6 10°5 13°6 
Correlation coefficient, 0°70 0°84 0°75 0°65 0°92 o-81 0°67 
Level of significance, p <o-or <0o-oor <o-or <o-o1 <0o-oor <0o-oor <o-or 
Blood volume : 
Mean .. es en 27°71 79°96 69°22 67°26 2797°0 2631-0 2602-0 
Standard deviation .. 4°24 9°18 9°18 9°97 298-0 327°0 383°0 
Coefficient of variation 
(per centum) >i 15°3 Im5 13°3 14°8 10°6 12°4 14°7 
Correlation coefficient, r 0°57 0:80 0:69 0-61 0-88 0-76 0°64 
Level of significance, p 0*05-0°02 <o-oor <o-or 0*02-0'01 <o-oor 0-001 o-or 




















1 Mean values: height, 169-9+2-2 centimetres ; 


weight, present 59°5+3°0 kilograms, original 69-0+ 3-5 kilograms, standard 70-1+1-7 
kilograms ; surface area, present 1-679-+0°045 square metres, original 1-789 + 0-050 square metres, standard 1-811 0-035 square metres, 








































volumes can be expressed and predicted for 
hospital patients who have more than II°5 
grammes of hemoglobin per 100 millilitres of 
blood and are free from cardiac failure and 
other conditions likely to disturb blood volume. 
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The plasma and blood volumes per unit of body weight 
before and after transfusion 


Table V shows that the plasma and blood 
volumes of the 15 control subjects were related 
more closely to present surface area and present 
body weight than to other body characteristics. 
The average plasma volume was 1675 millilitres 
per square metre of present surface area and 
47°24 millilitres per kilogram of present weight. 
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Different modes of response to anzmia and transfusion 


The corresponding average blood volume was 
2813 and 79°35 millilitres respectively. The 
regression equations for the plasma volume 
were as follows : 


Plasma volume (millilitres) = 
2607 xsurface area (square metres) —1564. 
=34°7 xbody weight (kilograms) +747. 

To the measurements made in these 15 
subjects may be added the results after trans- 
fusion in the six anemic patients whose hemo- 
globin value was raised above II-5 grammes per 
too millilitres of blood. The average plasma 
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volume in these 21 subjects was 1693 millilitres 
per square metre of present surface area and 
47°76 millilitres per kilogram of present body 
weight, while the corresponding figures for 
blood volume were 2830 and 79°83 millilitres 
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FIGURE V 


The relation of plasma and blood volume to surface 

area in 21 non-anemic subjects. The solid symbols 

indicate measurements made in subjects who had lost 
more than five kilograms of weight 


respectively. The relationships are shown in 
Figures V and VI and are expressed by the 
equations shown in Table VI, which do not differ 
significantly from the results obtained in the 
15 control subjects. 


TABLE VI 





Plasma Volume Total Blood Volume 





Surface area 
(square metres) | Y=2404 x S.A.—1183 Y =3905 x S.A.—1781 
ody weight 
(kilograms) Y=34'7x B.W.+767 | Y=56-4x B.W.+1382 





Some of the patients in this series had lost 
considerable amounts of weight, and since 
change in weight cannot be assumed to cause 
parallel changes in blood volume, this may be 
affecting the relationships deduced above. 
There were II patients whose present weight 
was more than five kilograms below their usual 
body weight ; the other ro had neither gained 
nor lost more than this amount. Of the six 
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patients who had recovered from anemia, 
three were in each group. The mean plasma 
volumes in each of these two groups were, as 
shown in Table VII, 51-65 and 43-93 millilitres 
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The relation of plasma and blood volume to body 
weight 


per kilogram respectively. However, there 
was no significant difference between the 
regression equations relating plasma volume 


TABLE VII 


Results in Non-Anemic Subjects Who had Lost Weight 
Compared with Those of Constant Weight 





Weight Weight 
Observation | Lost | Constant 
Number of subjects ia | II | 10 
Present weight (kilograms) 55°9 | 62°4 
Weight lost (kilograms) } 16°1 | — 
Present surface area (square | | 
metres) ? a wi 1°653 | 1°679 
Area lost (square metres) .. | 0:190 = 
Plasma volume : } 
Millilitres per kilogram .. | 51°65 | 43°93 
Millilitres per square metre | 1746 1632 
Blood volume : | 
Millilitres per kilogram .. 86°53 73°24 
Millilitres per square metre | 2926 } 2722 


to body weight or surface area, so that loss of 
weight cannot be held to have caused bias in 
the general relationships found in this series 
of cases (see Figures V and VI). The difference 


D 





PLASMA AND BLooD VOLUME IN ANAEMIA 197 


in volumes between the two groups was less 
(about 7%) when related to surface area than 
to body weight (17%). 


DISCUSSION 
Normal Plasma Volume and Blood Volume 


The Evans blue dye-dilution method for 
measuring plasma volume is generally accepted 
to be sufficiently accurate for most purposes, 
particularly when multiple samples are taken 
and the dye is extracted. This is supported 
by the observations made in this study, and 
by the fact that other workers have found 
agreement between the dye and iodinated 
albumin methods (Freinkel e¢ alii, 1953; 
Schultz et alii, 1953). The total blood volume 
can then be sufficiently accurately estimated 
from the plasma volume and venous hematocrit, 
provided that the hematocrit reading is 
corrected for ‘‘ trapped plasma ’’, and particu- 
larly if allowance is also made for the discrepancy 
between corrected venous hematocrit and the 
hematocrit of the blood of the body as a 
whole. Over a wide range of hematocrits, 
Chaplin et alii (1953) found the body hematocrit 
consistently to be o-g10 time the corrected 
venous hematocrit, so that estimates of total 
blood volume based, as ours are, simply on the 
corrected venous hematocrit are likely to be 
excessive. With splenomegaly the true body- 
hematocrit is sometimes greater than the 
hematocrit of venous blood (Verel, 1954; 
Rothschild e¢ alii, 1954). Without having 
measurements of the body-hzematocrit in the 
mixed group of subjects in the present series, 
it was thought wiser to base the estimate of 
total blood volume simply on corrected venous 
hematocrit. Most of the discussion is confined 
to plasma volume, but it is obviously relevant 
to total blood volume as well. 


Plasma and blood volumes vary with body 
size, and it would be useful for the purposes 
of comparison and for control of therapy to 
be able to predict the normal for any particular 
individual. Commonly the volumes _§are 
expressed in relation to, and predicted from, the 
body weight. On this basis our figures for 
plasma volume (47°76 millilitres per kilogram) 
are practically identical with those of Steinbeck 
(1950, 1954) for Australians, and are higher 
than the means of many other series which go 
even as low as 35 millilitres per kilogram 
(Berlin e¢ alii, 1950; Gunton and Paul, 1955). 
But, as has been shown here, plasma volume 
does not bear a constant relationship to body 
weight over a wide range of weights. Heavy 
persons have a low plasma volume per kilogram 
of body weight, while lighter persons have a 
higher volume per unit of weight. From the 
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results of the present series a person weighing 
100 kilograms would have, on the average, 42 
millilitres of plasma per kilogram, while someone 
weighing 50 kilograms would have 50 millilitres 
per kilogram. This sliding relationship between 
volume and weight has recently been emphasized 
for humans by Inkley e¢ alii (1955) and demon- 
strated in growing pigs by Bush ef alii. It 
applies to the relation between volume and 
surface area as well as weight. Some of the 
regression relationships found by other workers 
are given in Table VIII. 


TABLE VIII 


The Relation of Plasma Volume to Body Weight and 
Surface Avea as Found by Different Workers 











Authority Weight Surface Area 
| 
| 
| 
Courtice and Gunton (1949) 

(as quoted by woeeieantedl 33°6X + 475 | _ 
Steinbeck (1950) : 32°6xX +1066 — 
Inkley et alit (1955). . 30°0X + 668 1770x— 460 
Present study 34°7X + 767 2404 X —1183 








So far as humans are concerned, this relation 
between volume and weight has been deduced 
from measurements made in different subjects ; 
but it probably applies also to serial measure- 
ments in individuals who are losing or gaining 
weight. No such serial measurements were 
made in this study; but the results in the 
eleven subjects who had lost weight (an average 
of 16 kilograms) were found to intermingle with 
those of the 10 subjects with constant weight, 
and to follow the common regression line (see 
Figures V and VI). Several groups of workers 
have shown that the plasma volume per 
kilogram in undernourished persons is initially 
high and then falls as weight is gained during 
refeeding, even though the absolute plasma 
volume may increase (Mollison, 1946; Walters 
et alit, 1947 ; Beattie et alii, 1948 ; Widdowson, 
1951). Keys et alit (1945) found the plasma 
volume increased during experimental starva- 
tion, so that the volume per kilogram rose 
considerably as the weight decreased. Perera 
(1946) made repeated measurements in two 
obese subjects during weight reduction and 
found no change in absolute plasma volume, 
so that here, too, the volume per unit of weight 
changed in the opposite direction to weight. 
In underweight subjects he found plasma 
volumes of 50 to 60 millilitres per kilogram, and 
in overweight subjects, 26 to 39 millilitres per 
kilogram. 

The correlation of plasma and blood volumes 
with surface area is slightly better than with 
body weight. The early studies of Rowntree 
et alii (1929) emphasized the superiority of 
surface area as a basis for prediction of normal 


volumes, and although this was confirmed by 
Gibson and Evans (1937), the latter preferred 
to rely on height, believing that this was more 
reliable when changes in body weight (and 
surface area) had occurred with disease, 
However, Walters, Rossiter and Lehmann, 
and Widdowson, all found that the plasma 
volume which changed concurrently with 
increasing weight during recovery from famine 
was more closely related to surface area than 
to weight or height. 


Gregersen and Nickerson (1950) were able to 
predict the plasma and blood volumes in 53 
students of average build better from surface 
area than from either height or body weight. 
However, they worked on the assumption that 
the volume per unit of body measurement was 
constant over the whole range—45-6 millilitres 
of plasma per kilogram regardless of the 
magnitude of the total weight. When their 
subjects, and particularly 30 others repre- 
sentative of extreme body builds, were grouped 
according to somatotypes, differences emerged. 
The extreme ectomorphs, for example, had 56-5 
millilitres per kilogram, while extreme endo- 
morphs had 36-9 millilitres per kilogram. 
The authors believed that somatotype, if 
extreme, should be taken into consideration 
when plasma volume was being predicted or 
results compared in different individuals ; 
but it is probable that their results simply 
illustrate the fact that the volume per unit of 
weight or area is not the same for big as for 
small persons. Unfortunately they do not give 
the body weight of their subjects. Moreover, 
endomorphs contain considerably more fat 
than ectomorphs (Dupertuis et alii, 1951). 


Quite apart from bulk, the composition of 
the body must play an important role in 
determining the normal volume of plasma, or, 
for that matter, any other compartment of 
body water. It is only because of ignorance 
of the fundamental factors governing the 
amount and distribution of fluid in the body 
that we consider predicting normal values 
from simple characteristics such as surface area 
or weight. One of the most variable con- 
stituents of the bodily tissues is fat, which is 
relatively water-free. Other tissues have a 
remarkably constant content of water (Pace 
and Rathbun, 1945), so that the total amount 
of water in the healthy adult body is about 
72% of the non-fatty or lean body mass, 
regardless of the amount of superimposed fat 
(McCance and Widdowson, 1951; Edelman 
et alii, 1952). Thus, when the body is taken as 
a whole, the percentage of body weight which 
is water will decrease as the proportion of fat 
increases, This reciprocal relation also applies 
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to the subdivisions of body water, for as has 
been shown by Hardy e¢ alii (1951), the extra- 
cellular water and plasma volume are closely 
related to total body water, more closely so 
than to body weight, surface area or other 
bodily measurements. For a number of male 
adults of similar height but differing weights 
(and fatness), they found that the plasma 
volume was close to 7% of the total body water 
in each case. If we assume, then, that total 
body water is 72% of lean body mass—that is, 
720 millilitres per kilogram—the volume of 
plasma would be 50 millilitres per kilogram of 
the lean body mass. This is exactly the mean 
value found by Inkley, Brooks and Krieger in 
their series of 51 healthy persons of both sexes. 
If this is true, the plasma volume per kilogram 
of total body weight should normally be some- 
thing less than 50 millilitres, depending on the 
amount of fat present, but should approach 
this figure in the absolutely lean person. The 
form ofjthe regression relation between total 
body weight and plasma volume demonstrated 
in the present and other studies would simply 
be an indication of the fact that heavier 
individuals have, in general, a greater proportion 
of fat than lighter ones. The fact that some 
patients in this and other series have a plasma 
volume considerably in excess of 50 milli- 
litres per kilogram, even after the correction 
of anemia, would suggest that their bodies 
are abnormally constituted with regard to the 
amount or distribution of fluid. This point 
requires further investigation. Some of the 
fundamental factors which are important in 
determining the amount of water in the various 
compartments, especially the intravascular one, 
must be those enumerated by Starling as 
playing important roles in the balance of fluid 
across the capillary membrane. The net result 
we can measure; but the actual interactions 
between contributing factors must be exceed- 
ingly complex. 

It would seem, then, that normal plasma and 
blood volumes can probably be predicted most 
satisfactorily from the lean body mass, though 
the nature of the relation between these two 
parameters needs to be determined. But in 
the absence of measurements of lean body mass, 
then surface area or, almost as good, total 
body weight seems to provide the most satis- 
factory basis for prediction. For predicting 
volume from these measurements in the present 
study it is worthy of note that the weight and 
area at the time of examination were of more 
value than either the original or standard 
(commonly called “ ideal’’) measurements of 
the subjects. This suggests that patients in 
hospital, who have commonly lost weight, are 
in general closer to their lean body weight 


than they used to be—the loss of weight 
indicating mainly loss of fat—and that the 
“standard” weights accepted here bear little 
relation to lean body mass. The evidence for 
accepting lean body mass as the best “ physio- 
logical yardstick ”’ in other fields—for example, 
basal metabolic rate and basal cardiac output— 
has been reviewed by Keys and Brozek (1953). 
There again, the next best yardstick is surface 
area, which is only slightly superior to total 
body weight. Additional support for surface 
area as a basis for prediction when the lean body 
mass is not known comes from the work of 
Johnston and Bernstein (1955), who showed a 
high degree of correlation (r=0-90) between 
the two in a series of women with various 
degrees of fatness. 


Plasma and Blood Volume in Anemia and 
the Effect of Transfusion 
Anemia implies that there is a low con- 
centration of hemoglobin in the circulating 
blood and presumably an abnormally small 
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Figure VII 
Blood volume of anemic subjects before and after 
transfusion expressed as a percentage above or below 
the normal predicted from surface area. The broken 
line is the mean of the observations 


total volume of red cells. What associated 
changes there are in the total blood volume and 
plasma volume are not certain; but some 
indication can be given for the present series 
by predicting the expected normal values and 
comparing them with the observed measure- 
ments. The figures obtained in this way, 
prediction being based on surface area, are 
shown in Figure VII for all anemic patients 
except three who had other conditions likely 
to upset blood volume (Patients I and VII had 
cardiac failure controlled by digitalis, and 
Patient X had hepatic cirrhosis). There is a 
great deal of variation between patients ; but 
there is a general similarity in the way in which 
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the volume changes (in relation to the predicted 
normal) as the anemia is corrected. It is fair 
to assume that the scatter is inherent in the 
method of prediction, and that the volume in 
each case is moving towards the value which is 
truly norma] for that individual. In general, 
then, the lower the hemoglobin value, the 
lower is the blood volume, and for every 10% 
fall in hemoglobin value the blood volume falls 
by 4% of its normal. It is interesting that 
Darian Smith and Simmonds found the 
deficiency to be 5% in these conditions in 
hemorrhagic anemia in rabbits. 


A similar comparison between predicted 
normal and observed values for plasma volume 
is shown in Figure VIII. Again there is a 
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FicurE VIII 
The relation of plasma volume in anemia to the 
predicted normal 


considerable degree of scatter among individuals, 
but in general the plasma volume in anemia is 
greater than expected; for every 10% fall 
in hemoglobin value the plasma volume rises 
by about 2% of its normal value, which is 
equivalent to about 1-3% of the expected 
normal total blood volume. 


In both Figures VII and VIII the slopes of 
the lines are relatively uniform, while the 
individual points are widely scattered. This 
suggests that the changes in plasma and blood 
volume which occur during the correction of 
anemia are very much the same in different 
subjects, relative to their normal volume, 
although prediction of the actual volume in 
any one subject may be inaccurate. 


Total blood volume was less than normal in 
the present series of anemias, while the plasma 
volume was generally raised. On the average 
the ratio of the deficiency in blood volume to 
the excess in plasma volume is 3. This result, 
it should be remembered, is based on measure- 
ments made before and after transfusion in the 


same individuals, and with normal values 
predicted from surface area. A somewhat 
similar estimate of the relative changes in blood 
and plasma volumes in anemia can be deduced 
from the graphs of Mollison (1951) relating 
hematocrit to volume. He used his own 
measurements and those published by others, 
mostly single measurements in many individuals 
with different types of anemia, and expressed 
simply as_ millilitres per kilogram. The 
deficiency of total blood volume in anemia 
was approximately twice the rise in plasma 
volume. However, other authors have reported 
that the excess plasma volume in anemia is 
equal to, if not greater than, the deficiency in 
blood volume. Predicting the normal blood 
volume from height, Gibson e¢ alii (1939) found 
the ratio of blood volume deficiency to plasma 
excess in a mixed group of anemic patients to 
be 0*7. In pernicious anemia, with repeated 
measurements during treatment in some 
instances, Gibson (1939) found a ratio of 0:8. 
Hallberg (1955) studied patients with pernicious 
anemia, taking as normal the volumes attained 
after recovery, and his observations show a 
value of 1-o for the ratio. Earlier, Wallace 
and Sharpey-Schafer (1941) held that the 
plasma expanded sufficiently after experimental 
hemorrhage to restore the total blood volume 
to its original normal level ; but they estimated 
changes in volume from the hemoglobin 
concentration, assuming that the normal blood 
volume in each individual was five litres. 
Ebert, Stead and Gibson (1941) bled six 
subjects, and found that plasma was replaced 
or even increased beyond its original volume 
within four days, so that the total blood volume 
was almost restored. The results of earlier 
work still, much of which is dubious owing to 
the methods employed, were referred to by 
Gibson, Harris and Swigert. 

There seems to be no doubt that the trend 
in anemia is for the total volume to be reduced 
below normal and for the plasma volume to 
expand. However, there is_ considerable 
individual variation. Some patients probably 
maintain a fairly constant total blood volume, 
the plasma volume changing to compensate 
for alterations in cell volume, as illustrated in 
Figure [Xa. This probably applies in only 
very few patients, in spite of its being com- 
monly stated to be the usual response. Others 
maintain a fairly constant plasma volume as in 
Figure Xs. Examples of these are to be found 
in the present series and in other published 
reports (for example, Gibson eé ali, 1939; 
Gibson, 1939; Read, 1954), agreeing with 
observations in animals by Darian Smith and 
Simmonds and by Bush e¢ alii. The majority 
of anemic patients are intermediate between 
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these extremes, as shown in Figure IXc, 
probably with the emphasis on lowering of 
total blood volume rather than on expansion 
of plasma volume. 


The danger of overloading the circulation 
with blood transfusions in the commoner forms 
of adjustment is less than would be the case if 
the vascular tree was kept filled by plasma 
expansion. Nevertheless, if transfusions are 
to be given, packed red cells are obviously 
preferable to whole blood, and a slow rate of 
infusion is advisable. Adjustment to the 
increasing blood volume is not immediate, 
though the diuresis experienced by some 
patients suggests that they get rid of the excess 
plasma quite quickly. Raised venous pressure 
is not an indication of plethora or of cardiac 
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FiGuRE IX 
Different ways in which the plasma and total blood 
volumes change in anaemia 


failure (Sharpey-Schafer, 1944; Darian Smith 
and Simmonds, 1954). It is not corrected by 
the administration of digitalis, but it improves 
as the hemoglobin concentration rises, even 
though this is coincident with an increased blood 
volume. Another feature of the common form 
of adjustment in anzmics (Figure IXc) is that 
the actual volume of circulating red cells is 
lower than it would be in a patient with the 
same hemoglobin percentage whose plasma 
had expanded to restore a normal blood volume 
(Figure [XA). Sharpey-Schafer suggested that 
this concentrating effect of a lowered blood 
volume, together with the more rapid cir- 
culatory rate, might be a purposeful adjustment 
helping to maintain oxygen supplies to the 
tissues. From the practical point of view it 
means that the patient’s requirements in terms 
of volume of red cells is likely to be greater 
than might be suspected from the hemoglobin 
concentration. 


PLASMA AND BLooD VOLUME IN ANAEMIA 


SUMMARY 


The Evans blue (T-1824) dye-dilution 
method, in which serial samples of blood are 
taken and the dye is extracted from the plasma, 
has been used to measure plasma volume. 
The venous hematocrit, corrected for trapped 
plasma, was then used to determine total blood 
volume. 

Double determinations made one hour apart 
in three subjects agreed closely. The standard 
deviation of the differences between measure- 
ments made several days apart in seven control 
subjects was 103 millilitres. 


The plasma and blood volumes of non-anzmic 
subjects showed the highest degree of cor- 
relation with surface area (70-92 and 0-88) 
and body weight (0-84 and 0-80). The present 
measurements of area and weight were better 
than original ones (when subjects had lost or 
gained weight) or ‘‘ standard ’’ measurements. 
The relation of plasma volume to area was 
expressed by: PV=2404xsquare metres — 
1183; and the relation of plasma volume to 
weight by: PV =34-7 xkilograms+767. It 
is suggested that plasma volume would best be 
related to the lean body mass. 


Volumes were determined before and after 
transfusions of blood in 14 anemic patients. 
In general, the total volume rose (mean rise 
754 millilitres) and the plasma volume fell (mean 
254 millilitres). Different individual modes of 
response have been illustrated. 


The measurements in anemics were compared 
with the expected normal values predicted from 
surface area. The deficiency in blood volume 
was three times as great as the expansion of 
plasma. For each 10% deficiency in hemo- 
globin concentration the blood volume was 
reduced by 4% of its normal value. 
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In 1940, Landsteiner and Wiener published 
their paper “‘ An Agglutinable Factor in Human 
Blood Recognised by Immune Sera for Rhesus 
Blood’’, and the Rh factor was discovered. 
Levine, Vogel, Katzin and Burnham in 1941, 
following Wiener and Peters’s recognition that 
anti-Rh antibodies could cause hemolytic 
reaction to transfusion, showed that the Rh 
factor in the foetus induced iso-immunization 
in the Rh-negative mother, leading to hemolytic 
disease in the newborn child. Subsequent 
serological work on the Rh factor has proceeded 
at a rapid rate. The literature is extensive. 
The genetic and anthropological aspects are 
now at a high level of development. 

With the genesis of the disease understood, 
life-saving treatment of affected babies by 
transfusion proceeded. The history of the 
early failures and successes with Rh-positive 
and Rh-negative blood, and with straight and 
exchange transfusion, is reviewed by Pickles 
(1949). 

A few meagre descriptions of children who 
had survived icterus gravis neonatorum are 
scattered through the literature on this subject. 
Beneke (1907) and Esch (1908) drew attention 
to neurological signs in affected babies dead at 
three and six days respectively. Guthrie 
(1914) described a child of nineteen months 
with hypotonia and athetosis who had been 
jaundiced for six weeks after birth. This was 
the eighth child in a family, five members of 
which had died fron neonatal jaundice. Hart 
(1925) described a girl with chorea who had 
suffered from severe jaundice at birth. 

Fitzgerald, Greenfield and Kounine (1939) 
described three children who had suffered from 
severe neonatal jaundice, and later showed 
spasticity and chorea and were mentally 
backward. Two of these subjects at autopsy 
showed atrophy and demyelination in the 
globus pallidus. Drummond and Watkins 
(1946) investigated three families with children 
with enlarged livers and spleens. In two 


1 Read at a meeting of the Section of Pediatrics, 
Australasian Medical Congress (British Medical Associa- 
tion), Ninth Session, Sydney, August 20 to 27, 1955. 

2 Medical Director, The Spastic Centre, Mosman. 
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families the mothers had Rh antibodies. Lande 
(1948) reported details of eight cases. Evans 
and Polini (1950) have given reports on 16 
patients showing neurological sequele after 
iwcterus gravis neonatorum and have discussed 
the pathology. 

In 1945, the year in which The Spastic Centre, 
New South Wales, was founded, during the 
taking of obstetric and developmental histories 
of children, three mothers gave the information 
that their affected child had suffered from 
jaundice at birth. One child (Case 4, L.C.) is 
still at the Spastic Centre. Of the other two, 
one was withdrawn in 1946 and the other died 
in 1947 after tonsillectomy. Arrangements 
were made with the Red Cross Blood Transfusion 
Service for Rh investigations to be carried out 
in all our cases of cerebral palsy as a routine 
etiological investigation. No tests for antibodies 
were made until 1949. By June, 1955, 62 
patients had been examined who had had 
icterus gravis neonatorum. Six of these have 
died. 


SELECTION OF CASES 

Eighteen cases are here reviewed. These 
patients were, in the first place, brought along 
with many other cerebral palsied children, 
to The Spastic Centre out-patient department 
by their parents in search of help. All presented 
with varying degrees of slowness in the 
acquisition of sitting, standing, walking and 
speech. The ages at which these 18 patients 
presented ranged from eight months to eight 
years. 

Attendance of these patients at The Spastic 
Centre on a daily basis is for ‘‘ habilitation ”’ 
which includes education, physiotherapy, and 
speech and occupational therapy according to 
their individual needs. There are 14 males 
and four females. Of these 18, 14 had icterus 
gravis neonatorum and were given transfusions ; 
all mothers were Rh-negative, and 13 children 
were Rh-positive and one was Rh-negative. 
This one Rh-negative child had erythroblastosis, 
and maternal antibodies were present. In 
the other four cases, the children are Rh-positive 
and the mothers are Rh-negative ; the children 
suffered from icterus gravis neonatorum and 
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were not given transfusions, maternal antibodies 
were present in three of these four cases, and 
the fourth cannot be checked. 


These are the children who have suffered 
from icterus gravis neonatorum, and who attend 
the centre daily. Therefore they have been 
available for detailed investigations and observa- 
tion. Only those who have, in addition to a 
history of icterus gravis neonatorum, a history 
of difficult birth or prolonged labour, or of 
ill-health of the mother during pregnancy, 
have been excluded (three patients). 


A further 35 children who suffered from 
icterus gravis neonatorum are under regular 
observation as out-patients at intervals of three 
months. Of these, 27 were given transfusions, 
six receiving exchange transfusions. Eight 
did not receive transfusions. Twenty-four 
patients are males and 11 are females. 


The age range of these patients is eighteen 
months to twelve and a half years. One aged 
twelve and a half years, one aged nine years 
and one aged six years attend ordinary school. 
These three have mild athetosis and high 
frequency type of deafness, and two of them 
wear hearing aids and one is considered not to 
need an aid. The rest either live in the country 
or are not yet old enough or sufficiently advanced 
to be admitted to The Spastic Centre. All 
relevant investigations have been, or are being, 
carried out. 


As the progressive histories of such patients 
are long, and assessment at any stage is 
extensive, the main features of the 18 cases are 
tabulated (Tables I to VI). Two cases have 
been selected for detailed birth history, investi- 
gations and status at June, 1955. 


EARLY HISTORY 


The story of the child who has suffered from 
hemolytic disease of the newborn as it presents 
in our cases is one of jaundice, which may be 
present at birth or any time up to about three 
days, and severe illness of the baby, who has 
survived with or without transfusion. 


Transfusions have varied in number from one 
to five. Opisthotonus may or may not have 
been present, and it disappears as the child’s 
condition improves. The majority of these 
babies sucked well. Some mothers, however, 
complained of some difficulty in the infant’s 
sucking. Some babies appear to have recovered 
to the extent that the mother, having been 
given the assurance that the child would be all 
right, considered the baby to be normal. In 
these cases it is usually the failure to sit up at 
six months and to reach out for objects that 
first suggests that all is not well. Sometimes 





quite early, hypotonia is a feature. 


Sitting 
alone is slow to develop. This occurs at from 
one to five years, while the children in whom 
the tonic neck reflexes have persisted do not 


seem to acquire sitting at all. The time of 
independent ambulation by those who have 
acquired it has varied from two years and eight 
months to ten years. Babbling usually begins 
normally at six to twelve months, but speech 
usually fails to develop. 


CLINICAL FINDINGS 


The clinical findings are shown in Table IV. 
Athetoid movements, the most frequent feature 
(17 cases), are sometimes not observable until 
the age of about four years. However, defect 
of attempted movements, delayed sitting and 
walking, the absence of hyperactive reflexes 
associated with ankle clonus, and extensor 
plantar responses such as are found in the 
spastic, suggest that the child is probably 
athetoid. The involuntary motions when they 
do occur involve mostly the flexor and extensor 
groups of muscles, though pronators and 
supinators of arms, internal and external 
rotators of thighs and evertors and invertors of 
feet are sometimes involved. When two 
opposite groups are involved, say flexors and 
extensors, the involuntary motion is not an 
alternate contraction of flexor and extensor 
such as constitutes a tremor, but a contraction 
and relaxation of a group which may occur 
several times (and this not regular in rhythm) 
before the same thing occurs in the opposing 
groups. Insome children (four cases), the tonic 
neck reflexes, normally present till about three 
months, persist and operate in the sitting 
position as well as when the child is supine. 
In such cases, the athetoid movements are 
masked by muscular spasm, and as has been 
mentioned by Evans and Polini (1950), the 
muscle spasm appears before the athetoid 
movements, and not as superadded tension 
which has developed as a conditioned reflex of 
stabilization against movements. It does, how- 
ever, have the quality of tension athetosis 
(Phelps, 1941, and personal communications) 
in that it can easily be shaken out of a limb or 
extremity, and reduced completely by folding 
the arms across one another and flexing the 
trunk, head, hips and knees ; complete relaxa- 
tion then occurs. In relaxation the involuntary 
motions of athetosis are observed. 


Flaccidity of musculature, or hypotonia, 
occurs in the majority of cases ; it is observable 
first (in those patients who have been examined 
early) at about nine months. The condition 
tends to improve as development takes place 
with sitting and walking, and muscle power 
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TABLE V 


Hearing Loss 


Average Decibel Loss 





High- Hearing Age Aid Applied 
Case Frequency Aid (Years) 
Deafness Right Left 
rs. LB. 87 81 Yes i-~s 
2: R.B. 83 74 Yes 9 
3: J.C. 83 67 Yes 6 
a: LC. as “ és ' 81 71 Yes 9 
at RC. = or ea Severely No scorable 100 Yes 54 
: deaf hearing 
6: H.D . + 56 79 Yes | 8} 
A.E | Within normal 5 15 — 
| limits 
8: E.G Considered deaf No audiogiram yet Yes 5 
(severe) 

9: R.H } 69 Yes 
10: R.K May be mild 19 21 — — ? validity; hearing aid not 

hearing loss needed 
si: J.M. Considered Canno\t test — _ 

profoundly 

dea 
12: R.M. mee ‘ie me + 19 71 — _ 
13: IR. - ee oe t 94 go Yes 4 ? validity; very physically 
handicapped 

14: R.W. ae we ns t 73 50 Yes 6 
wg: R.A. me a ee go 93 Yes 6 
16: J.B. oe aie + Considered to — — — 

be normal 
7: P.O. <3 ‘a x + 69 59 Yes 7 
om: LDR... ; Pe { 82 81 Yes 8} 


itself appears toincrease. In the cases reviewed, 
with the exception of those in which persistent 
tonic neck reflexes are present, hypotonia is 
still present more in some than in others, 
particularly in the upper limbs. 


Eleven of our 13 ambulatory patients have 
developed a particular type of gait. This is 
here referred to as a toe-heel gait, in contra- 
distinction to the toe gait of the spastic with 
short heel cord. In walking the toes come 
down first and then the heel ; then, sometimes, 
there is slight flexion of the knee (noticeable 
only when the child is walking slowly), then 
hyperextension of the knee or a functional 
genu recurvatum. This in some cases becomes 
a deformity and may be quite severe. The 
tendo Achillis when examined is usually of good 
length and may even be too long. This toe-heel 
gait is also found in children with athetosis 
of other etiology. On standing the feet are 
generally in  calcaneo-valgus position, and 
flexor and extensor movements of toes, ankles 
and knees may be observed. All patients 
show some degree of bowing of the tibize and 
true torsion. Occasionally, there is also torsion 
of the femora. 


In the initial examination of children with 
cerebral palsy, the palate is always examined 
for (i) a developmental defect of high arch, 
incompleteness, cleft, e¢ cetera, and (ii) paresis 
of the soft palate. Tongue motions are also 
investigated. In this oral examination, any 
dental defect or decay has been commented on. 
This has frequently brought forth the reply 


that “they came through decayed”. Such 
teeth were worn off and had a thick ridge near 
the gum margin. The dental investigations 
made by Watson (1955) on 119 children with 
cerebral palsy suggest that this condition is 
associated with a severe systemic disturbance 
about the time of birth, and has been found 
only in those children who have suffered from 
icterus gravis neonatorum. This condition was 
found in all except one of the present series of 
patients (Case 7, A.E.). There is a ridge of 
enamel or hump at the gum line, which ends 
in a groove that encircles the tooth. The 
hump is a false hump and is caused by a decrease 
of enamel formed before’ birth. This 
phenomenon Watson designates as ‘“‘the Rh 
hump and developmental line’’. He considers 
it due to the hypoplastic enamel formation 
which occurred just before, at or just after 
birth—that is, at the same time as the cerebral 
injury due to the hemolytic disease. 

One patient, included here, shows in addition 
to the Rh hump and developmental line, a 
green natural vital staining of his teeth. All 
teeth are green. 

Strabismus occurs in a number of patients, 
and 15 have some defect of eye motions, the 
most frequent being that of upward movement. 
Many cannot raise their eyes at all, and some 
do so, but with difficulty. Sight itself appears 
to be affected in only a few of our cases. 

In our patients, both those reviewed here 
(Table V) and those who are not, deafness is 
frequently present. No matter what the average 
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decibel loss is, the pattern of loss, except when 
the child is totally deaf, is always the same and 
audiograms show a pronounced dip in the 
higher frequencies (Figures I and II). This is 
usually referred to as high-frequency deafness. 
When the first of these Rh athetoid children 
were on trial in an ordinary school class of 
children with cerebral palsy, they presented a 
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AVERAGE HEARING LOSS (DECIBELS) RIGHT Q7verr..3... 
FicurE I 
Case I: L.B.: audiogram, May 6, 1955 


puzzling situation. They were bright-eyed and 
alert, and seemed to have comprehension and 
to understand miming. Their parents did not 
consider that they were deaf, as they understood 
many things that were said to them and were 
often aware of the softest footsteps. Psycho- 
metric examination gave intelligence quotient 
estimations which appeared to be much lower 
than should be the case with their apparent 
comprehension. However, they did not do as 
well in the school class as many other children 
with cerebral palsy who did not seem to have 
the same good observation and comprehension 
of events or the same aggressive drive. With 
audiometric examinations, their pattern of 
hearing loss and the explanation of these things 
became apparent. The provision of hearing 
aids and instruction as deaf children have made 
a great difference in their acquisition of know- 
ledge, and the 11 children so placed are pro- 
ceeding with their education slowly, but 
definitely. All school instruction and speech 
therapy are directed towards making them 
vocal, if possible. This, of course, is a tre- 
mendous problem ; an athetoid tongue and the 
inability to place it accurately for the execution 
of many sounds, added to a high-frequency 
hearing loss and the wearing of a hearing aid 





with athetoid movements of the neck going on, 
and the further movement of the head which is 
essential when eye motions are defective, 
make the speech problem seem insurmountable, 


Psychometric examination of any child with 
cerebral palsy is difficult. Even when from the 
evidence indicated by the child’s behaviour it is 
realized that comprehension is good, it is 
difficult to score an intelligence quotient 
commensurate with this. It is more difficult 
to obtain an accurate intelligence quotient for 
deaf children with cerebral palsy than for any 
other special group. In work with the deaf 
child who is not suffering from cerebral palsy, 
it is considered unlikely that a child with an 
intelligence quotient under 70 and a hearing 
loss of 70 will ever learn to read for meaning 
or to use oral language to any appreciable 
degree. This concept is forming the basis of 
further psychological investigations on these 
children. Examples i of basic educational 
achievements are given in the case histories 
(Case 1, L.B., and Case 2, R.B.). 
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Ficure II 
Case II: R.B.: audiogram, March 22, 1951 


Evidence from _ electroencephalographic 
investigations suggests that cortical damage is 
not frequent. In 13 patients the record was 
normal. Of the other five, in Case 7 the record 
supported a diagnosis of cortical abnormality 
and secondary epilepsy, in Case 13 there was a 
paucity of even organized 6 activity suggesting 
damage to mid-line structures, in Case 11 there 
was evidence of diffuse brain damage, possibly 
thalamic and basal ganglion destruction, and 
in Cases 6 and 16 the record was suggestive of 
diffuse cortical abnormality. 
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In this series of 18 patients, one patient 
only could be considered to be really under- 
sized. Microcephaly is conspicuous by its 
absence. Those patients with persistent tonic 
neck reflexes are the most physically handi- 
capped, and, it would appear, will not attain 
independent walking. It is considered that 
those patients in whom this has not persisted 
have attained, or will attain, this and also 
physical independence. It is considered that 
the majority of these patients are capable of 
education as deaf children. As age increases 
and education, training and treatment proceed, 
intelligence appears in most cases to be better 
than early investigations indicate. 


Comment should be made on Case 7 (A.E.). 
This child is the only patient in the series who 
has no observable athetoid movements, and 
whose first dentition is not hypoplastic. This 
raises the question whether her cerebral palsied 
condition is directly associated with Rh iso- 
sensitization or not. This cannot be answered. 
(For birth history, see Table I.) 


REPORTS OF CASES 


CasE I.—The patient was a girl (L.B.), born on 
May 24, 1944, at the Women’s Hospital, Crown Street, 
Sydney, three days before the estimated date of confine- 
ment. The delivery was normal, labour lasting two 
and a half hours ; the foetus presented by the vertex. 
The birth weight was eight pounds two ounces. The 
mother had undergone an appendicectomy at three 
months, but had otherwise been well throughout 
pregnancy. This was the second pregnancy ; the first 
was unaffected, and the child is normal. There have 
been no miscarriages and no further pregnancies. 

The baby became jaundiced fourteen hours after 
birth. Two straight transfusions were given, one at 
twenty-four hours and one at fourteen days. The 
jaundice, which was very deep at three weeks, is stated 
to have lasted from four to six weeks. Maternal 
agglutinins were found one week after the birth of the 
baby. Anzemia was present in the infant; the 
hemoglobin value was 15°3 grammes per centum 
at fourteen hours, 8-0 grammes per centum at fourteen 
days and 11°0 grammes per centum at four weeks. 
The blood groups were checked in February, 1952 ; 
the mother was of group A, Rh-negative, the child 
was of group O, Rh-positive (R1). Weak antibodies 
were present. 

The child babbled at fifteen months, sat alone at 
eighteen months and walked at three years. She was 
first examined at The Spastic Centre when she was 
four years old, with the presenting signs of being 
clumsy and not talking. Walking was jerky, and her 
musculature in general was slightly hypotonic. She 
was very apprehensive and cried a lot, but watched 
the examiner’s face when given instructions and 
attempted what she thought was required of her. 
She was admitted to The Spastic Centre on a daily 
basis at the age of four years and nine months. 
Examination of her first dentition revealed ‘‘ hypo- 
plastic enamel and Rh hump”. 

An audiometric examination in 1950 indicated an 
average decibel loss of 88 in the right ear and 83 in the 
left ear, the greatest loss being in the high frequencies. 
A hearing aid was applied. A check audiometric 
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examination in May, 1952, gave substantially the 
same information, and a further check in May, 1955, 
gave the same pattern of loss, with an average decibel 
loss of 87 in the right ear and 81 in the left ear (Figure I). 
Electroencephalographic examinations gave normal 
records. 

A psychometric examination with the Binet (T-M) 
test at the age of six years suggested the possibility 
of an intelligence quotient of “‘ dull normal ”’. 

In June, 1955, the child was aged eleven years. 
Her weight was four stone two pounds and her height 
four feet three and three-quarter inches. Her head 
circumference was 20 inches. 

This patient walks well with occasional jerky 
movements. Her gait is a trained heel-toe, and she 
does not need to wear calipers or adjusted boots of 
any kind. She wears her hearing aid and values it. 
She has been in the deaf class for two hours daily for 
three years. Her reading is upper first to second class 
standard and her number work is third class standard. 
She can undress and dress herself in fourteen minutes, 
and feeds herself, using a knife and fork and flat plate. 
Her writing is cursive, it is legible and she uses the 
correct grip with a pencil. Her concentration is good 
and her cooperation excellent. Her speech is variable, 
but for the most part intelligible, and her auditory 
memory has increased considerably. She can now use 
six-word sentences. In assessment of hand use, it is 
seen that all basic functions are completely established. 
She is right-handed, and there has been no disturbance 
of laterality. 

The upper limbs can be considered to be slightly 
hypotonic. 

Athetosis is present in the face, tongue, neck, arms, 
hands, fingers, trunk, legs, feet and toes. 

Chorea is indicated by slight jerkiness of some 
voluntary movements. There are no involuntary 
“* purposeful ’’ movements. 

The knee and ankle jerks are normal. The plantar 
response is flexor in type. There is no ankle clonus. 
The abdominal, biceps, triceps and periosteal (radial) 
reflexes are normal. There is no past pointing. 

The tonic neck reflex has not persisted. 

Examination of the tongue motions showed that 
extension, retraction, and right and left lateral and 
upward and downward movements can all be carried 
out. Athetosis is present in the tongue during all 
motions. 

Vision itself appears to be normal. There is no 
strabismus or nystagmus, and the pupils are equal 
and central and react to light and accommodation. 
Upward eye motion is performed with difficulty. 
Other eye motions are good. 

The child has a trained heel-toe gait. However, 
when she is walking without shoes, after a while she 
resumes a toe-heel gait. The heel cords are of normal 
length, and there is slight torsion of both femora and 
tibiz. Both feet are functionally in the calcaneo- 
valgus position. This is mild. There is an increase 
in the normal lumbar lordosis when she is standing 
and walking. 

The athetosis when the patient is sitting is mild in 
the flexors and extensors of the elbows and fingers and 
pronounced in the flexors and extensors of the wrists. 
When the child is in the supine and prone positions, 
there are flexion and extension movements in the hips 
and slight athetosis is observed in the medial and 
lateral rotators of the hips. There is mild athetosis 
in the knee extensors, in the flexors and extensors 
of the feet, and also in the flexors and extensors of the 
toes. In an attempted assessment of power, the hip 
extensors, flexors, abductors and medial and lateral 
rotators all show diminished power (assessed at 4 in 
the o to 6 scale). 
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The child has high-frequency deafness (see Figure I). 
The present estimate of her intelligence quotient is go. 
From the point of view of personality, she is a happy 
little girl who works hard in school and in treatment. 
Her sense of humour is good, and she has quite an 
amount of the aggressiveness that is often seen in deaf 
children. 


This child is less physically affected than the 
majority of these patients; her athetosis is 
less severe and her gait is very much better. 
Her physical handicap is about the same as 
that of R.H. (Case 9). R.H. is two years 
younger and has slightly less hearing loss, is 
proceeding in school work at a slightly better 
rate, and has better speech than L.B. had at 
his age. L.B.’s hearing loss is somewhat more 
severe than that of R.B. (Case 2), J.C. (Case 3) 
and L.C. (Case 4). Her speech is much better 
than that of R.B. and L.C., who are older than 
she is; this may be in part due to less severe 
athetosis in general, and in the tongue in 
particular. 


Psychometrically, her score on a recent test 
of reading for meaning might be attributed 
to a child with a heavy hearing loss of about 67 
decibels and an intelligence quotient of 100, 
or of a child with a loss of over 70 decibels who 
was above average intelligence. The assump- 
tion is that she is at least of average intelligence. 


CasE II.—R.B., a girl, was born on March g, 1942, 
six days before the estimated date of confinement. 
Labour lasted for five hours; the foetus presented by 
the vertex and delivery was instrumental. Her birth 
weight was nine pounds. The mother states that she 
had slight kidney trouble throughout pregnancy. 
This child is the third of four children. The two 
previous children were unaffected, and the fourth was 
given a blood transfusion on the day of birth, had five 
transfusions over ten weeks and is unaffected. 


R.B. became jaundiced three hours after birth ; 
she was transferred to the Royal Alexandra Hospital 
for Children and given a transfusion on the fourth day. 
The jaundice lasted for six weeks. Investigation of the 
family blood groups showed that all four children were 
Rh-positive, the father was Rh-positive and the mother 
was Rh-negative. In 1952 the blood groups were 
checked ; the mother’s blood was of group O, Rh- 
negative, and the child’s blood was of group A, Rh- 
positive (Ri). Anti-D agglutinins were present, to a 
titre of 16 to 32 in albumin. 


This child sat at three years and walked at six and a 
half years. She was first examined at The Spastic 
Centre at the age of five years, when she was not 
walking by herself, nor was she talking. Athetoid 
movements were noted in the face, hands, legs and feet. 
She was admitted to The Spastic Centre on a daily 
basis at the age of five years. Examination of her 
first dentition revealed hypoplastic enamel and teeth 
well worn down, masking an Rh lump, which was 
found in sections. An audiogram in March, 1951, 
revealed a high-frequency deafness with an average 
decibel loss of 83 in the right ear and 74 in the left ear. 
A hearing aid was applied. Electroencephalographic 
investigations gave normal records. 


Psychometric examination at the age of six and a 
half years gave the following results: her non-verbal 


performances on the Binet (T-M) test placed her 
intelligence quotient at about 60, and the “‘ Hiskey” 
performance at 64. The psychologist’s comment 
on these scores was as follows: ‘‘ It is not unusual for 
the behaviour of deaf children at an early age to 
suggest more severe retardation than usually exists.” 

Her status in June, 1955, at the age of thirteen 
years and three months was as follows: her weight 
was four stone ten and a half pounds, her height was 
four feet eight inches, and her head circumference 
20°5 inches. She moved about well and rapidly, but 
her gait was poor. The wearing of irons with dorsi- 
flexion springs prevented a severe toe-heel gait. She 
walked on a wide base. She wore her hearing aid and 
valued it. She had been in a deaf class for two hours 
daily for three years. Her reading was at lower third 
class and her number work at third to fourth class 
standard. She could undress and dress herself, with 
the exception of back fasteners, in a useful time. 
She could feed herself, using a knife and fork and flat 
plate. Her writing was very poor, and her schoolwork 
was recorded by printing between the lines. Her 
concentration and cooperation were good at all times. 
Her speech was for the most part unintelligible, though 
some words were intelligible. She vocalized freely, and 
endeavoured to make herself understood, using gesture 
to supplement speech. In the assessment of basic 
hand use, stretch and grasp, release, pinch and find 
placement were all established in both hands. She 
was left-handed, and disturbance of laterality was not 
apparent. 

Hypotonia was slight in the upper limbs when the 
child was relaxed. 

Athetosis of considerable degree was present in the 
neck flexors and sterno-mastoids. At the shoulder 
it was mainly present in the flexors and extensors and 
slightly in the internal rotators. In the arms it was 
mainly present in the extensors and flexors of the 
elbows and wrists, and occasionally to a slight degree 
in the pronators of the forearms and wrists. It was 
slight in the abdominal muscles. In the spinal 
extensors it was slight in the thoracic region and 
considerable in the lumbar. It was of slight degree in 
the extensors, flexors, abductors and adductors, and 
external and internal rotators of the hips. In the 
extensors and flexors of the knees it was slight; it 
was of considerable degree in the plantar flexors and 
extensors of the feet, the extensors and flexors of the 
toes and the extensors and flexors of the great toes. 

There was no “ purposeful ”’ involuntary movements, 
nor were voluntary movements jerky. 

The knee and ankle jerks were normal. The plantar 
response was flexor in type. There was no ankle 
clonus ; the abdominal, biceps, triceps and periosteal 
(radial) reflexes were all normal. There was no past- 
pointing as such, though execution of the test was 
interfered with by athetoid movements. 

The tonic neck reflex had not persisted. 

Investigation of the tongue motions showed that 
extension and retraction were good; the child made 
attempts at right and left lateral and upward and 
downward motions, but these were very poor. 


Vision itself appeared to be good. There was no 
nystagmus, but there was an alternating lateral 
strabismus. The pupils reacted to light, but accom- 
modation was poor. 

The gait, without boots and irons, was toe-heel. 
The heel cords were longer than normal, and severe 
genu vecurvatum was present. Both feet were func- 
tionally in the calcaneo-valgus position. There was a 
moderate degree of bowing and torsion of both femora, 
and severe bowing and torsion of both tibie. Pro- 
nounced lumbar lordosis was present. 
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Asscssment of muscle power was difficult. However, 
in attempted assessment, the following were fairly 
definite findings (scale o-6): right and left hip 
extensors, 2; right and left hip flexors, 4; right and 
left hip adductors, 3; right and left abductors, 5 ; 
right and left hip external rotators, 2; hip internal 
rotators, right 5, left 3. 

High-frequency deafness was present (see Figure IT). 

A subjective estimate of the child’s intelligence was 
70 to 80. 

From the point of view of personality, she was a 
happy girl who worked hard in school and in treatment. 
She had some of the aggressiveness common to deaf 
children. 


This case is similar to Case 1 (L.B.). How- 
ever, athetosis is much more pronounced, the 
gait is much more affected and the deformities 
of genu recurvatum and tibial torsion are the 
extreme of this series. Her hearing loss is 
very slightly less than that of L.B., and her 
school work slightly in advance of L.B. They 
have both had three years of instruction for 
two hours a day in a deaf class; however, 
R.B. is two years older than L.B. Psychometric 
examination of L.B. indicates an intelligence 
quotient of g0. This child was tested on the 
Binet (T-M) test at six and a half years, to 
show whether her knowledge of language was 
commensurate with her other skills. This 
indicated that she was making less than 50% 
of normal progress in learning language and 
more like 60% of progress in practical skills. 

She was tested at nine years with the Nebraska 
Test of Learning Aptitude ; this gave the score 
suggested as likely in the Binet test—64. 
Evidence from deaf children would indicate the 
following prognosis: she is unlikely to learn to 
read for meaning or to use oral language to any 
appreciable degree. 

Scholastic and verbal progress was tested at 
the age of twelve years. She was about as 
efficient as a child not suffering from cerebral 
palsy, aged nine and a half years, with a hearing 
loss of 75 decibels. Her hearing loss is recorded 
at 74 decibels with the typical audiogram. Her 
dysarthria makes it difficult to estimate the 
effect of the loss on the hearing of speech. At 
a hearing loss of 75 decibels and an intelligence 
quotient of just under 80, if it is assumed that 
the ‘‘ average loss ’’ over-estimates the loss, the 
intelligence quotient would be lower again. 
Her skill in reading for meaning suggests that 
her intelligence quotient is not below 80. 


SUMMARY 
Eighteen patients with neurological sequele 
of icterus gravis neonatorum are reviewed. 
Four had been given transfusions, four had not. 
The present age range of the patients is five 
to fourteen years. Athetosis, high-frequency 
deafness, hypoplasia of the enamel of deciduous 
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teeth, defective upward eye motion, specific 
peculiarities of gait, and discrepancy between 
estimable intelligence quotient and learning 
capacity are features. Seventeen patients are 
athetoids. 

In electroencephalographic investigations, 13 
patients have normal records, one is borderline 
normal, and four have abnormal records. 
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BLOOD GROUPS AND AGGLUTINATION OF LEUCOCYTES! 


H. M. WuytTe? AnpD Irs L. YEE® 


From the Kanematsu Memorial Institute of Pathology, 
Sydney Hospital 


A GREAT deal is known about the function, 
serological properties and factors affecting the 
production and destruction of red blood cells 
both in health and in disease. There is now 
available a variety of reliable techniques for 
determining blood groups, for testing com- 
patibility between serum and red cells and for 
investigating the causes of hemolysis. By 
comparison, little is known about the white cells 
of blood. Investigation is made difficult by the 
relatively small number of leucocytes in blood, 
by their short life, by their susceptibility to 
damage and destruction in vitro, and by the 
fact that their functions are not completely 
understood and are difficult to measure. Never- 
theless, evidence is accumulating to suggest 
that leucocytes and platelets are liable to be 
involved in serological disorders analogous to 
some of the hemolytic disorders of red cells. 
Some of the relevant questions raised in 
applying this concept to the etiology and 
treatment of neutropenia and agranulocytosis 
have been referred to elsewhere (Whyte, 1955). 
Here we are reporting our experiences of the 
agglutination of leucocytes when directly cross- 
matched with serum. The results invite con- 
sideration of the blood-grouping characteristics 
of white cells, the role of white cells in blood 
transfusions and the relation of leuco-agglutinins 
to leucopenia. 


METHODS 


The technique used here for detecting 
incompatibility between serum and white cells 
was similar to that described by Dausset e¢ alii 
(1954), except that we used silicone-coated 
glassware and did not as a routine measure 


inactivate serum before testing it. Details of 
the method used were as follows. 

1 Received on April 3, 1956. 

2Senior Clinical Research Fellow, Kanematsu 
Institute. 


* Technical Assistant. 





White Cell Suspension 

Freshly defibrinated blood, to which one- 
quarter of its volume of a 6% solution of 
dextran had been added, was allowed to stand 
in an inclined test tube in a water bath at 
37° C. for thirty minutes. Turbid, faintly pink 
serum above the layer of packing red cells was 
pipetted off. This usually contained about the 
same concentration of leucocytes as the original 
defibrinated blood, but the red cell count was 
reduced to 20,000 to 80,000 per cubic millimetre. 
The leucocytes were active and appeared to be 
normal. The suspension was used for testing 
within three hours of drawing the blood. 
Attempts to prepare suitable suspensions of 
white cells by centrifugation without adding 
foreign substances were unsuccessful. 


Serum 


The serum used for tests was obtained by 
centrifugation, usually of defibrinated blood, 
sometimes of fresh blood allowed to clot. 
The serum was used fresh or after storage by 
deep-freezing. Twelve sera, including some 
which contained leuco-agglutinins, gave the 
same qualitative results when fresh as after 
storage or after being heated at 56°C. for ten 
minutes. Dausset e¢ alii inactivated their 
test sera, believing that an inhibitor of leuco- 
agglutination was thereby destroyed. 


Test of Cell-Serum Reaction 


One part of the cell suspension and two 
parts of serum were mixed in a small test tube 
and placed in a water bath at 37°C. After 
one hour or more the tube was removed and 
shaken in a standard fashion. One drop of the 
mixture was then examined on a slide under the 
microscope with low-power magnification. for 
the presence of clumps of red cells. To another 
drop of the mixture on a slide was added one 
drop of acetic acid (1%). After being mixed, 
this was examined under the low power of the 














BLoop GROUPS AND AGGLUTINATION OF LEUCOCYTES 215 


microscope for clumps of white cells, and the 
result was graded as negative, positive (+) 
or positive (+ ++). Examples of positive results 
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FicureE I 


Agglutination of leucocytes of blood group A in serum 
of group B: (a) under low-power, and (b) under a 
higher power of magnification 


are shown in Figure I. All types of white 
cells were seen in the clumps. Incubation in 
test tubes was easier and more satisfactory 


than that on covered slides as advocated by 
Moeschlin and Schmid (1954). 

In all our investigations the cell-serum 
mixtures were set up in duplicate test tubes, 
numbered and examined in a random order, 
and the result was taken as the lesser of the 
two readings obtained for each particular 
mixture. 


Reliability of the Method 


White cell suspensions were freshly prepared 
from each of five patients of blood group A 
on three separate days in one week, and tested 
against stored serum from six patients of 
blood group B. Duplicate tubes of each cell- 
serum mixture were set up on each of the three 
occasions, and duplicate examinations were 
made on each tube. Tubes and slides were 
numbered and handled in a random fashion, 
the observer being unaware of the constitution 
of any particular sample. In 57% of these 
A cell-B serum mixtures agglutination was 
found. 

Duplicate examinations from the same tube 
agreed in giving positive or negative results in 
80% of tests. The same grading of positive 
agglutination was given in 78%, of instances in 
which both tubes gave positive results. When 
results from different tubes were compared, 
single examinations made on each tube agreed 
in giving positive or negative results in 70%, 
and the same grading of positive agglutination 
was recorded in 60% of instances in which both 
tubes gave positive results. In less than 1% 
of tests was agglutination recorded as “ ++” 
in one examination and “ negative ”’ in another. 

When our usual method of recording is 
adopted—that is when the lesser of two readings 
made from duplicate tubes is accepted—cell- 
serum mixtures gave consistent results on two 
occasions in 85°% of tests and on three occasions 
in 77%: 

RESULTS 

Direct Cross-Matching of Cells and Serum 

The white cells and serum of different 
subjects were cross-matched so that at least 
25 tests were made of each of the 16 different 
possible interactions of the A B O blood groups. 
Serum was taken from 77 different persons, 
sometimes on more than one occasion, and 
cells from 91 different persons. Of the 68 tests 
in which serum was mixed with cells taken 
from the same subject, positive agglutination 
(“+”) was observed in three (one subject 
was of blood group O and two were of group 
AB). The results of all other tests, heterologous 
mixtures, are given in Table I. Table II shows 
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these results subdivided according to whether 
the cell-serum mixtures would be expected to 
be compatible or not on the basis of the A BO 
blood groups involved. 

Agglutination occurred in 44% of tests -in 
which incompatibility would be expected, if it 
is assumed that leucocytes carry the blood 
group substances A, B and O just as red cells do, 


TABLE I 


The Results of Tests of Agglutination in Heterologous 
Cell-Serum Mixtures 














| Results 
Serum | Cells 
Group Group 
Negative Positive Positive 
(+) (+ +) 
Oo oO 32 14 I 
oO A 13 12 3 
oO B 19 8 4 
oO AB II 8 7 
A O 31 _ _ 
A A 25 — — 
A B 18 9 ? 
A AB 23 ” 2 
B oO 24 3 — 
B A 10 16 2 
B B 26 2 -- 
B AB 20 3 2 
AB oO 23 7 3 
AB A 30 8 _ 
AB B 32 6 2 
AB AB 21 4 2 
Total + + ae 358 97 35 

















and in 15% of tests expected on the same basis 
to reveal compatibility. This pronounced 
difference in the frequency with which agglutina- 
tion was observed in the two classes, which 
was accompanied by a comparable difference in 
the strength, or grading, of agglutination, 
points to the truth of the assumption. More- 
over, there is clear evidence, as can be seen 
from Table II, that white cells share in each of 
the four major blood groups. The distinction 
between compatible and incompatible mixtures 


applied equally within each of the groups, and 
except for the mixtures of serum of different 
groups with “compatible ”’ cells, the cells and 
serum of any one group showed much the same 
frequencies of agglutination as the other groups. 
In the case of serum mixed with cells which 
should be compatible according to the A BO 
system, agglutination was caused more fre- 
quently (6<o-or1) by AB serum (23% of tests), 
than by A (0%), O (14%) or B serum (9%), 
This apparent difference may be attributable 
to some peculiarity of the serum of one or two 
of the donors of AB serum rather than to any 
general property related to the blood group. 
This possibility is examined later. 

When the results are examined in terms of 
the antigen or the agglutinin concerned, it 
becomes apparent that the A antigen is involved 
in agglutination just as frequently (33% of all 
tests; 45% of “incompatible” tests) as the 
B antigen (30% and 38%), and the anti-A 
agglutinin as frequently (33% and 47%) as the 
anti-B agglutinin (30% and 44%). 

Agglutination was produced with much the 
same frequency when cells were mixed with 
stock serum of high titre used for routine 
blood grouping as with the fresh serum from 
different subjects. 


Absorption of Agglutinins 

On two occasions tests were made of the 
ability of white cells from donors of blood 
group A to absorb agglutinin from serum of 
subjects with blood group B. Both tests 
suggested that the leucocytes did absorb 
agglutinin. In one, the cells were taken from a 
patient with neutrophile leucocytosis due to 
infection, and in the other, illustrated in 
Figure II, from a patient with chronic lymphatic 
leuchemia. Concentrated white-cell suspensions 
were obtained by sedimentation, dextran being 
used, and then by centrifugation. Absorption 


TABLE II 


The Incidence of Agglutination in Heterologous Cell-Serum Mixtures According to the Group of the Cells and of the 
Serum and According to Whether or Not the Cells and Serum ave Expected to be Compatible 

















Serum Cells 
Compatible Incompatible Compatible Incompatible 
Group 
Total Positive | Percentage| Total Positive | Percentage| Total Positive | Percentage} Total Positive | Percentage 

Oo 37 5 13°5 85 42 49°4 128 18 14° ane =i _ 
A 56 °o ° 66 25 37°9 63 8 12°7 56 33 * §8°9 
B 55 5 gl 53 23 68 10 14°7 65 28 43°1 
AB 138 32 23°2 _ —_ —_ 27 6 22:2 83 29 34°9 
All 286 42 14°7 204 go 44°1 286 42 14°7 204 go 44°1 
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was carried out by one volume of cell suspension 
mixed with one volume of serum at 37°C. for 
one hour, and then the titre of agglutinin 
remaining in the supernatant serum was 
measured, a red cell suspension from the same 
white cell donor being used. By the use of 
cell suspensions containing varying proportions 
of red and white cells, the results shown in 
Figure II were obtained. 

Another observation which suggests that 
leucocytes carry antigens which resemble those 
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Ficure II 


Change in titre of serum after absorption of agglutinins 
by red cells and white cells. Absorption was carried 
out by cell mixtures having the following red and white 
cell concentrations respectively (per cubic millimetre) : 
on the solid line, A, 60,000 and 1000; B, 160,000 
and 2000; C, 370,000 and 4000; on the interrupted 
line, D, 32,000 and 108,000; E, 70,000 and 370,000 


in red cells was the frequent finding of red and 
white cells stuck together when an ABO 
cell-serum incompatibility was present. 

Among the incompatible mixtures tested in 
this main series of tests, agglutination of red 
cells was recorded as being positive more often 
when white-cell clumping was minimal or 
absent, and less frequently when white-cell 
agglutination was strongly positive. This 
applied in all blood groups. At first it was 
thought that this might be an indication of 
preferential absorption of agglutinins by leuco- 
cytes ; but more careful examination suggested 
that it was most probably due to errors in the 
technique of observing results. Normally, red 
cell clumping was sought by inspection under 
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low-power magnification. But when white-cell 
clumps were large and numerous, presumably 
owing to a high titre of agglutinins, the red cells 
tended to be caught up, often singly, among the 
white cells, and there was danger of recording 
the absence of clumped groups of red cells as 
indicating absence of red-cell agglutination. 
We have no information bearing on the question 
of whether white cells will preferentially absorb 
agglutinin in the presence of red cells; but the 
results of the absorption tests suggest that red 
cells by themselves probably absorb at least 
twice as much agglutinin as an equal number 
of white cells. 


Technical Factors Affecting Results 


Further analysis of the results in the main 
series of cross-matching tests gives information 
which bears on the technique used for assessing 
agglutination. Firstly, since each mixture was 
set up in duplicate, the consistency of the 
method can be tested. This is shown in 
Table III. The readings of duplicates agreed in 


TABLE III 


The Relation Between Readings of Duplicate Samples 
of Cell-Serum Mixtures 





Second Reading 
First 




















Reading 
Negative + | ++ Total 
} | 
| | 
Negative .. ws 243 | 44 Ir 298 
Positive (+) ee 54 | 62 18 134 
Positive (++) .. | | 17 | 35 58 
cats | | 
Total “is | 303 123 | 64 490 
' ' 





showing negative or positive results in 76% 
of all tests, and the same grading of agglutina- 
tion was recorded in 73% of the tests which 
gave positive results in both tubes. In 20% 
of all tests agglutination was recorded as absent 
in one tube and ‘“ +”’ in the other, while in 
3% the double readings were “negative” 
and “++”. This degree of reproducibility 
is substantially the same as that found in the 
deliberate test of reliability described in the 
section dealing with methods. If, instead of a 
result being recorded as positive only when 
agglutination was detected in both tubes, 
agglutination in even one tube was accepted as a 
positive result, then this series would have 
yielded positive agglutination in 68% of 
“incompatible” tests and 38% of “ com- 
patible’ tests. Secondly, the similarity of the 
frequencies with which agglutination was 
observed in the first and second tubes indicates 
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that prolonged incubation was without influence 
on the result; second tubes were incubated, 
on the average, for two hours—that is, for 
one hour longer than the first tubes. Thirdly, 
the results can be examined for any possible 
influence of the concentration of cells in the 
white-cell suspension on the production or 
detection of agglutination. Cell counts were 
made on all white-cell suspensions. In approxi- 
mately equal numbers of tests the white-cell 
count was above or below 5500 per cubic 
millimetre; but there was an_ insignificant 
difference in the results recorded in these two 
groups (Table IV). The cell count apparently 
has little influence on the production and 
detection of agglutination, though there seems 
to be a tendency, as one might expect, for 
agglutination to be recorded as being more 
intense when the cell count is high. 


Attempts were made to increase the sensitivity 
with which leucocyte-serum incompatibility 
could be detected. As has been mentioned 
previously, inactivation of serum, the use of 
ordinary glassware instead of silicone-coated 
glass and the incubation of mixtures in covered 
slides instead of in tubes which were later 
shaken made no apparent difference to the 
results. A factorial type of experiment was 
carried out to test the effect of adding detergent 
to the mixtures and of examining the sediment 


TABLE IV 


The Results of Agglutination Tests in Relation to the 
Number of Cells in the Leucocyte Suspension 














Results 
Cell Counts | | 
Negative oS | bh 
| 
| | 
Less than 5500 | 185 51 | 12 
Above 5500 ae o's a 173 46 | 23 





obtained by centrifuging the mixtures after 
incubation instead of shaking them. Thus, 
each particular cell-serum mixture was subjected 
to the following four treatments: (i) Detergent 
was added and the mixture was centrifuged 
before examination. (ii) Detergent was added 
and the mixture was shaken before examination. 
(iii) Saline was added instead of detergent and 
the mixture was centrifuged. (iv) Saline was 
added instead of detergent and the mixture 
was shaken. Detergent was added to the cell 
suspension as a 1% solution of Triton WR-1339 
in saline in the proportion of one part to 20 
parts of the cell suspension. The results are 
shown in Table V. The clumping of cells was 
not influenced by the presence of detergent, 


either in mixtures in which agglutination 
would be expected on the basis of the A BOQ 
groupings, or in the ‘‘ compatible ’’ mixtures 
in which clumping might conceivably have been 
non-specific. The non-specific clumping of 
platelets is reduced by treatment of this sort 
(Minor and Burnett, 1952; Stefanini, 1955), 
Centrifuging the mixtures increased the number 
of tests in which clumps of cells were observed. 
Among the “‘ compatible ’’ mixtures it increased 


TABLE V 

Results of an Experiment Testing the Effect of Detergent 

and of Centrifuging the Mixture Before Examination 
for Agglutination 


























Examination After Detergent 
Material : ‘i 
Centri- 
Shaking fuging | Present Absent 
: _ 
ABO Compatible 
Mixtures : Re- 
sults : 
Negative zi 115 80 97 98 
Positive (+) 13 46 30 29 
Positive (+ +) ° 2 I I 
A B Oincompatible | 
mixtures : re- 
sults : | 
Negative ee 50 38 43 | 45 
Positive (+) 42 47 48 } 41 
Positive (+ +) 4 II 5 | 10 





the positive results from 10% to 38%, and 
among the “incompatible’’ ones from 48% 
to 60%. There was no significant interaction 
between the effects of detergent and centri- 
fugation. 


Agglutination in ‘“‘ Compatible” Mixtures 


In the original series agglutination was 
observed in 42 of the 286 tests in which cells 
and serum were compatible according to the 
A BO blood groups—that is, in 15% of tests. 
The extent to which each blood group partici- 
pated is shown in Tables I and II. Leucocytes 
involved in this unexpected agglutination were 
derived, in about equal numbers, from each of 
the four major blood groups. On the other 
hand, agglutination in these mixtures occurred 
unduly frequently when AB serum was used 
(23%), and not at all when serum from subjects 
of group A was used; the other two groups 
showed positive agglutination in 14% and 9% 
of tests. 

Clumping of leucocytes in these circumstances 
may be due to the natural tendency, unrelated 
to true incompatibility between cells and 
serum, of white cells to stick together, or it 
may indicate incompatibility due to the 
presence of blood-group substances and 
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agglutinins other than those of the ABO 
system, or it may be due to abnormal leuco- 
agglutinins which act on white cells without 
regard to blood group. The present results 
implicate the serum rather than the cells, and 
AB serum in particular. Furthermore, this 
effect of AB was equally apparent on cells of 
each of the four blood groups : AB serum caused 
agglutination in 30% of tests with group O 
cells, 22% with group A, 20% with group B 
and 22% with its own group. These results 
were not attributable to Rh incompatibility. 
One possible explanation would be to postulate 
the existence of an agglutinogen (or more 
than one) distributed equally among the A BO 
groups, and a corresponding agglutinin found 
mainly in the serum of some subjects of group 
AB. An alternative possibility is that the 
present series includes some subjects of group 
AB who have a leuco-agglutinin in their serum. 

The numbers of donors of serum used in 
these tests against cells of compatible A BO 
groups are Shown in Table VI. The proportion 


TABLE VI 


The Proportion of Serva Tested which Caused Agglutina- 
tion of ‘‘ Compatible’ Cells 




















Numbers of | Numbers of 
Tests Donors 
Serum of |__ 
Group | | 
Showing Causing 
Total Agglut- Total | Agglut- 
ination | | ination 
| | 
. 37 b 20 | 3 
' = 56 ° 21 te) 
_, | 55 5 | 17 3 
AB 138 6 | 32 | 3 | 7 
| 
| | 
Total .. | 286 42 | 71 13 





of AB donors whose serum caused agglutination 
is significantly greater than for the other 
groups (p<o-or). However, this may be due 
partly to the fact that the average number of 
tests for which each sample of AB serum was 
used was much greater than for the other groups, 
as the actual proportion of all tests which gave 
positive results was the same in each of the 
three groups. Three samples of serum caused 
agglutination more often than not. (i) Serum 
from a female patient of group AB admitted to 
hospital for plastic surgical treatment, who had 
been pregnant, but who had had no transfusions 
of blood, caused agglutination in 18 of 20 
“compatible ” cross-matching tests. (ii) Serum 
from a male patient of group B with tuberculous 
peritonitis, who had received no blood trans- 
fusions, caused agglutination in three of five 
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tests. (iii) Serum from a female patient of 
group O with quiescent pulmonary tuberculosis, 
who had had a pregnancy but no blood trans- 
fusions, caused agglutination in three out of 
four tests. All three patients had normal 
white cell counts. Positive and negative 
agglutination results were caused by the other 
10 samples of serum as shown in Table VII. 
Further tests with the serum of one man, 
aged seventy-two years, who had a neoplasm 
of the bladder and had never received a trans- 
fusion, gave positive results in seven of II tests. 


TABLE VII 





Serum of Group 





Result 7 
AB | 
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Positive .. 5 Ca. 4.23 
Negative .. ie oo a” oe ae 

| 


B | Oo 
I 
7 
| 


nH 


| 
$2 





Immunization against blood-group substances 
sometimes occurs after pregnancy and blood 
transfusion ; but analysis of the results in the 
present series showed that these two factors 
exerted no significant influence on the effect of 
serum on either ‘compatible’ or ‘ incom- 
patible ’’ leucocytes. 


Leuco-A gglutinins 


Apart from the accidental discovery of 
leuco-agglutinins, if such they were, in the 
serum of the subjects mentioned above, leuco- 
agglutinins were deliberately sought in the 
serum of nine patients. Eight of them had 
leucopenia from a variety of causes, and one had 
a normal white cell count associated with 
paroxysmal hemolytic anemia due to an 
abnormal cryoglobulin. The serum from only 
two of these patients, one with aleuchemic 
leuchemia who had previously been given one 
transfusion of blood, and the one with cryo- 
globulinemia who had had several transfusions, 
caused strong agglutination of white cells taken 
from other subjects, but not from themselves. 
The titre of this agglutinating property was 
not measured; but inactivation of serum 
appeared to increase it in the case of the 
cryoglobulin-containing serum and was.without 
obvious effect in the other. When the serum 
was kept cold and allowed to stand, the bulk 
of the cryoglobulin material settled as a viscous 
layer, allowing of separation of the serum into 
two parts. Both parts caused agglutination of 
leucocytes, more pronounced at 37° C. than at 
4° C. (the reverse was true for red cell agglutina- 
tion); but the portion containing the cryo- 
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globulin was by far the more potent and 
appeared to cause lysis as well as agglutination 
(Figure III). 

Leuco-agglutinins were not detected in the 
serum of the case fully described elsewhere 
(Robertson et alii, 1954), in which the patient 
had had chronic neutropenia of unknown cause 
for thirteen years, without infections, anemia, 
thrombocytopenia or splenomegaly. 





Ficure III 


Strongly positive agglutination caused by 
containing a cryoglobulin 


serum 


DISCUSSION 


These results support the supposition that 
agglutinogens of the ABO _blood-grouping 
system are carried by leucocytes as well as by 
erythrocytes, and that their presence can often 
be detected by direct cross-matching of cells 
with serum. Agglutination has been found to 
occur in 40% to 60% of instances in which it 
would be expected, as opposed to 10% to 15% 
of the mixtures which were compatible according 
to the ABO system. Technical imperfection 
and factors such as a low titre of agglutinin in 
some test sera and the resistance to agglutination 
offered by motile cells could account for the 
failure to achieve positive results in 100% of 
the incompatible mixtures, without resort to 
the belief that agglutinogens are carried by 
some, but not all, white cells. The evidence is, 
therefore, statistical; but it gains support 
from the studies involving absorption of 


agglutinins, and from the observations reported 
by other workers. 

Moeschlin and Schmid (1954) made a some- 
what similar study, in which blood samples 
taken from 30 persons were tested in 380 
different leucocyte-serum combinations. The 
mixtures were incubated and examined, without 
being shaken, in glass chambers. Among the 
351 heterologous combinations agglutination 
was observed in 6-4% of the A B O compatible 
mixtures and in 33:9% of the incompatible 
ones. The distinction is similar to what we 
found, though their incidence of agglutination is 
slightly less. Most of their tests were made 
with A and O serum, and some of the different 
combinations of cell and serum groups were 
represented by as few as six tests. Twible, 
Tullis and Diamond are said (Tullis, 1953a) to 
have demonstrated the presence of blood-group 
substances in 15% of the general population 
by direct cross-matching and by specific 
absorption methods in the remainder. However, 
we have not seen their work reported in detail. 
Dausset (19544) also reported that his observa- 
tions of agglutination induced by natural and 
immune anti-A and anti-B sera proved the 
presence of A and B antigens in white cells; 
but, again, we have not seen full details of 
this work. It is quite probable that these 
antigens are widely distributed among the 
cells of the body, including the leucocytes, but 
that their detection is less easy and certain 
than is the case when one is dealing with 
erythrocytes. 

But if it is because of insensitivity of the 
method that positive results are obtained in 
something less than 100% of instances in which 
they would be expected, then this increases the 
significance attached to the agglutination 
observed in mixtures expected to be compatible. 
There is, of course, the possibility that a certain 
percentage of the positive results observed in 
both the compatible and incompatible groups 
is due to non-specific clumping which is not the 
product of antigen-antibody reactions. Dextran, 
for example, is said to cause leucocytes to clump 
together (Tullis). One point against this being 
the full explanation is the reproducibility of 
results demonstrated here. A second is the 
fact that similar findings have been reported 
for platelet-serum mixtures, and that their 

significance has been supported by absorption 
studies and by the platelet-reducing influence 
of a transfusion of the offending serum (Stefanini 
et alii, 1953). Another reason for paying 
serious attention to the agglutination observed 
in ‘‘compatible”” mixtures, and for not 
dismissing it lightly as a technical error of no 
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consequence, is that leucocytes in “ com- 
patible ’’ serum have been observed to show 
evidence of distress other than agglutination. 
In 1926 Doan studied the effect of dried serum 
on the white cells in a fresh drop of blood, and 
found that the serum of some of his 40 subjects 
was incompatible with leucocytes even when 
red cells were not affected. The leucotoxic 
effect was manifested by an immediate decrease 
in motility and by disintegration of the cells. 
Both polymorphonuclear cells and lymphocytes 
were affected. Tullis (1953@) confirmed this 
work in finding slightly positive results in 12 
and highly positive results in five of 60 routine 
blood bank sera he tested. Elsewhere (Tullis, 
19530) he reported that the sera from three of 
50 normal donors was toxic to all leucocytes. 
The clinical significance of agglutination 
demonstrated im vitro, apart, that is, from an 
ABO cell-serum incompatibility, was demon- 
strated first by Moeschlin and Wagner (1952) 
in a patient with amidopyrine sensitivity. 
During the period of leucopenia induced by the 
drug, the patient’s serum caused agglutination 
in vitro of normal white cells and transfusion of 
this serum caused leucopenia in normal subjects. 
Amidopyrine apparently caused a leucocyte- 
destroying factor to appear in the serum of this 
sensitive subject, and the in-vitro test provided 
a reliable indication of its presence. Leuco- 
agglutinins were subsequently detected in the 
serum of patients suffering from leucopenia 
of other causes, and again, transfusion experi- 
ments confirmed the significance of the observa- 
tions made in vitro (Kissmeyer-Nielsen, 1952 ; 
Moeschlin et alii, 1954; Dausset et alii, 1954). 
Numerous workers have now reported 
discovering abnormal leuco-agglutinins of this 
type, and the subject has been well reviewed 
by Dausset and by Moeschlin (1955). Dausset 
et alit made a detailed examination of the 
technique for detecting agglutination and 
investigated the serological and other properties 
of the factor in serum which causes it. Dausset 
(1954b) has reported finding 60 patients with 
leuco-agglutinins, 20 of whom had normal 
leucocyte counts (above 4000 per cubic milli- 
metre). A history of multiple blood trans- 
fusions before the discovery of leuco-agglutinins 
was a common feature. Only three of the 
subjects had had no previous transfusions 
(none of whom had a normal leucocyte count). 
Agglutination of leucocytes is perhaps under- 
standable in two of these cases—one patient 
with leucopenia induced by amidopyrine, and 
one with hemolytic anemia associated with 
cold auto-antibodies. The third patient had 
tuberculosis with splenomegaly, as did the only 


other patient whose case was reported in the 
literature, in which no transfusions preceded 
the discovery of leuco-agglutinins (Dausset 
refers to a case reported by Miescher). Dausset 
observed the appearance of agglutinins in the 
course of a series of transfusions in three cases. 

Thus, leuco-agglutinins are commonly, though 
not always, associated with leucopenia, and the 
great majority are found in patients who have 
received blood transfusions. It is _ possible 
that the factors causing agglutination and 
leucopenia are unrelated, especially as the 
abnormal sera do not cause agglutination of the 
patients’ own cells. But this seems unlikely 
in view of the frequency of their association 
and of the observations made in amidopyrine 
agranulocytosis and transfusion experiments. 
Moreover, André et alii (1954) have observed 
auto-phagocytosis in these cases, and the result 
of the agglutination test became negative when 
the white cell count returned to normal in the 
case of pancytopenia described by Moeschlin 
and his colleagues. Further support comes 
from work on the experimental production of 
agranulocytosis with the use of anti-leucocytic 
serum (Moeschlin et alii, 1954a ; Miescher et alii, 
1955). However, Dausset has emphasized that 
leucopenia frequently exists without leuco- 
agglutinins being present and before transfusions 
have been given, that leuco-agglutinins some- 
times exist without leucopenia, and that 
multiple transfusions seem to favour the 
development of agglutinins in leucopenic con- 
ditions. He interpreted the evidence as 
indicating that the agglutinin is an immune 
antibody rather than a naturally occurring 
antibody. Whether it is an iso-antibody or an 
auto-antibody is undecided. If it is an iso- 
antibody, then the white-cell group antigen, or 
antigens, must be widely distributed among the 
leucocytes of different persons, for most of the 
offending sera gave positive results against 
80% to 100% of the test batches of cells. It is 
probably wise to include a leuco-agglutinin in 
this group of abnormally active agglutinins 
only if it gives positive results with at least 50% 
of ten or more samples of cells. 

Our own results suggest that there may be 
naturally occurring iso-antibodies, in addition 
to the ordinary anti-A and anti-B substances, 
in a small percentage of normal sera. In most 
instances these sera caused agglutination of 
only a small number of different samples of 
cells. However, the serum of one patient 
undoubtedly contained a powerful agglutinin, 
reacting with 18 of 20 different samples of cells, 
and yet this patient had no evidence of a 
hematological disorder and had received no 
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transfusions. No other instances have been 
reported of a leuco-agglutinin in an apparently 
healthy subject, though Doan and Tullis 
held that leucotoxic factors could be demon- 
strated in the sera of some blood donors. Our 
patient may have had a natural iso-antibody, 
or it is conceivable that she acquired it during 
pregnancy or in some other manner. However, 
our results as a whole showed no bias towards 
the sera of persons who had been pregnant, but 
the series was not large. Our other examples 
of abnormal leuco-agglutinins were one in a 
patient with aleuchemic leuchemia and one 
associated with a cryoglobulin causing hemolytic 
anemia without leucopenia. Both patients 
had previously had blood transfusions. But 
another patient, a man, aged seventy-two years, 
with a normal white cell count and suffering 
from carcinoma of the bladder, had never 
been given a transfusion, and yet his serum 
caused agglutination in seven of 11 tests. The 
agglutination was not so strong as with the 
other three sera. 


If leuco-agglutinins such as these, whether 
natural or immune, are to be found in apparently 
healthy persons, then the possibility of trans- 
fusion reactions has to be considered. The 
danger is probably slight ; but Dausset suggests 
that the reaction shown by some of his patients 
to each transfusion may be connected with 
their having leuco-agglutinins. Doan suspected 
that leuco-toxic sera sometimes caused febrile 
reactions. The dangers are increased with 
multiple transfusions because of the possible 
immunizing effect of leucocytes, which are 
antigenically quite potent. A full under- 
standing of the role of leucocytes and of leuco- 
agglutinins in blood transfusion practice has 
yet to be determined. 

Leucocyte agglutination tests may reveal 
information which is important in fields other 
that those directly related to blood. For 
example, the greatest obstacle in the way of 
success in the homotransplantation of skin, 
kidney, adrenal and other tissues is the develop- 
ment, or preexistence, of antibodies which lead 
to rejection of the graft. It is possible that 
leuco-agglutination techniques will increase the 
range of methods available for detecting com- 
patibility and for studying the development and 
attempts to prevent resistance. Medawar 


(1946) has shown that leucocytes, but not red 
cells, bear considerable resemblance, anti- 
genically, to skin in rabbits. An intradermal 
injection of leucocytes increased the immunity 
of the recipient towards subsequent skin grafts ; 
that is, it hastened the rejection of the graft. 
Observations 


Red cells had no such action. 





which are complementary to these have been 
reported by Amos and his colleagues (1954). 
They showed that the development of antibodies 
to skin homografts in mice were often indicated 
by the appearance of detectable leuco- 
agglutinins, even though red-cell agglutination 
might remain absent. Another aspect of this 
subject is the induction of “tolerance’’ to 
homografts by the injection of blood cells into 
the foetus. Billingham et alii (1953) showed 
that the intrafcetal injection of whole blood 
allowed the animal to retain subsequent skin 
grafts, even repeated ones, taken from the 
donor of the blood. The fcetus, apparently, 
accepts potentially antigenic material in this 
period of its life, and refuses to regard as 
“foreign ’’ any antigenically similar material 
which it may subsequently encounter. It 
refrains, therefore, from producing antibodies. 
In these experiments whole blood was injected, 
but it is likely that the leucocytes were the 
active elements involved. It remains to be 
determined what tissues other than skin can 
be tolerated after treatment of this kind. 

In any case, the antigenic relationship 
between leucocytes and other tissues increases 
the significance of leuco-agglutinins, and 
suggests that techniques evolved for their 
detection may prove useful in various fields of 
work. The possibility that leucocytes may 
migrate by virtue of their amceboid properties 
between mother and foetus, in either direction, 
and before or after the foetus has acquired the 
power to develop antibodies, raises interesting 
speculations about the relation of pregnancy to 
leuco-agglutinins and about tissue-tolerance 
among members of a family. Among other 
things it would offer one possible explanation 
of the development of immune anti-A and 
anti-B substances, as sometimes occurs with 
pregnancy. 


SUMMARY 


Agglutination tests were carried out by 
directly cross-matching leucocyte suspensions 
and serum. Tests were performed “ blind ”’ 
and in duplicate. Attempts to _ increase 
sensitivity are described, and the reproducibility 
of the method adopted has been examined. 

Positive results were obtained in 40% to 
60%, of mixtures in which there was an A BO 
incompatibility, and in 10% to 15% of ‘‘ com- 
patible ” mixtures. Absorption studies 
supported the belief that leucocytes carry A 
and B antigens in accordance with the corres- 
ponding red cell group. 

Agglutination in mixtures expected to be 
compatible was caused by 13 of the 71 sera used, 
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particularly by sera from donors of blood 
group AB. The serum of one patient who had 
been pregnant caused agglutination in 18 out of 
20 samples of cells. Another, from a male, 
gave positive results against seven of I1 test 
samples. Both patients had normal leucocyte 
counts, and neither had ever received a 
transfusion. 

Strong leuco-agglutinins were found in the 
serum of a patient with aleuchemic leuchemia, 
and in that of another with hemolytic anemia 
associated with a cryoglobulin. 

The possible significance of leuco-agglutina- 
tion in relation to blood groups of leucocytes, 
blood transfusion, leucopenia and tissue trans- 
plantation has been discussed. 
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ANEURYSM OF RENAL ARTERY AS A CAUSE OF HYPERTENSION, 
WITH REPORT OF ONE CASE 


CHARLES R. BuRNS 
Wellington, New Zealand 


THIs contribution concerns a rare cause of 
hypertension—aneurysm of the renal artery 
or of one of its branches, a condition which 
needs to be considered when raised blood 
pressure is discovered in the very young. The 
subject was comprehensively reviewed by 
Abeshouse in 1951; at that time he could find 
references to I2 examples only among 100,421 
autopsy reports collected from seven different 
sources, while the number of clinical cases in 
the literature, including the two which he 
then added, was 115; since then seven more 
cases have been published, which with the one 
to be reported here, brings the total to date to 
123. 

The age incidence has varied from nine months 
to ninety years; one patient was aged under one 
year, one was aged five years, two were aged 
between six and ten years, and three were aged 
between eleven and twenty years. The sexes 
have been almost equally represented, as have 
the two renal arteries. These aneurysms have 
been popularly classified into true and false 
varieties ; in the former the walls contain one 
or more layers derived from the artery, while 
in the latter they are made up from tissues 
outside it. From the strictly pathological 
point of view, saccular, fusiform, dissecting and 
arterio-venous types are described. In many 
of the cases recorded, other congenital and 
acquired lesions of the kidneys have existed. 
In the majority of cases the aneurysm has been 
located in the main portion of the renal artery, 
and in a moderate number in one of the main 
branches, while occasionally it has affected an 
intrarenal branch. Very occasional cases are 
on record in which there has been more than one 
aneurysm. 


Diagnosis has been variously arrived at 
before operation or autopsy in 39 cases only. 
Radiological examination has been of the 
first importance in most correctly diagnosed 
cases ; the typical “ signet-ring ”’ or “ wreath- 
like” shadow of calcification along the medial 
border of the affected kidney, first described 
by Key and Akerlund in 1917, has been observed 
in 33 cases. Retrograde pyelography has 
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sometimes been of help, while translumbar 
aortography and retrograde renal arteriography 
via the femoral artery have been successfully 
employed ; the former of these techniques has 
been used in many thousands of cases under 
investigation for lesions of the aorta or of its 
branches, and practised observers hold it to be a 
safe procedure. In spite of these improved 
facilities for diagnosis, however, Abeshouse 
warns his readers that the lesion may be missed, 
even in cases in which the surgeon has carefully 
palpated a suspected kidney at operation ; 
this holds particularly for cases in which the 
aneurysm is situated in a branch of the renal 
artery. 

Hypertension has been observed in only 
21 of the 122 cases in the literature. It would 
seem to be the rule in the very young, as may 
be judged from the following three case 
summaries, which include all but one of those 
reported in patients aged under ten years. 


Snyder et alii (1955) report the case of a 
child, aged nine months, who survived a 
thoracotomy carried out in the hope of finding 
an ectopic pheochromocytoma (suspected from 
the X-ray report of an unusual mediastinal 
shadow). Subsequent retrograde renal arterio- 
graphy via the right femoral artery gave the 
clue to diagnosis. Nephrectomy was carried 
out ; prior to the operation the blood pressure 
readings were 195 to 240 millimetres of mercury, 
systolic, and 130 to 190 millimetres, diastolic. 
On the eighth post-operative day they were 
105 millimetres of mercury, systolic, and 60 
millimetres, diastolic. 

The patient of Howard et alii (1940, 1941) 
was aged five years, and was admitted to 
hospital with a frontal cerebral hemorrhage. 
Craniotomy was performed with no benefit to 
the general condition ; it merely confirmed the 
presenting diagnosis. Casual blood pressure 
readings of 200 millimetres of mercury, systolic, 
and 150 millimetres, diastolic, were recorded, 
falling under ‘‘ Sodium Amytal”’ to 170 milli- 
metres of mercury, systolic, and 120 milli- 
metres, diastolic, and under “ Pentothal”’ 
to 160 millimetres of mercury, systolic, and 
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110 millimetres, diastolic. Bilateral lumbar 
sympathectomy and unilateral renal decapsula- 
tion were subsequently carried out without 
influence on the blood pressure. It was during 
the exploration of the second kidney with a 
view to its decapsulation that the offending 
renal aneurysm was discovered. Immediately 
after nephrectomy, blood pressure readings of 
126 millimetres of mercury, systolic, and go 
millimetres, diastolic, were recorded. 


Hock and Jones report the case of a child, 
aged eight years, admitted to hospital in coma 
following an attack of headache and vomiting ; 
the disc edges were blurred. The blood pressure 
was recorded on various occasions, and the 


TABLE I 
Unusually High Blood Pressure Readings Recorded in 
Cases of Renal Artery Aneurysm, with Readings 
Following Successful Operation in Some Cases 


| Blood Pressure 




















(Systolic/Diastolic, 
Millimetres of Mercury) 
Patient’s 
Authors Age | 
Highest | 
Before | After 
Operation | Operation 
Snyder, Bost and Platou 9 months 240/190 | 105/60 
Howard, Forbes and | | 
Rutledge «4 5 years 200/150 | 126/90! 
| 110/708 
Hock and Jones 8 years 220/180 130/60 
| 95/60 
Pastor et alii 36 years 220/150 110/80 
| 130/90 
Janssen (quoted by 
Abeshouse) .. .. | 28 years | 330/198 | (No 
| operation) 
| | 
Present patient® 4 years | 294/274 | — 





1 Immediately after operation. 
* Follow-up examination. 
* Autopsy diagnosis. 


readings ranged from 160 millimetres of mercury, 
systolic, and 100 millimetres, diastolic, on the 
child’s admission to hospital, to 202 millimetres 
of mercury, systolic, and 180 millimetres, 
diastolic. X-ray films revealed characteristic 
“ signet-ring ”’ calcification medial to a non- 
functioning small right kidney. During the 
operation with a view to nephrectomy, the 
blood pressure was 220 millimetres of mercury, 
systolic, and 170 millimetres, diastolic. 
Immediately the kidney was removed the 
blood pressure fell to 130 millimetres of mercury, 
systolic, and 60 millimetres, diastolic. 


Very high blood pressure in this condition is 
not limited to the very young, though it would 
seem to be less pronounced in the majority of 
older subjects. Janssen (quoted by Abeshouse, 
I951) reported the case of a man, aged twenty- 
eight years, who suffered a retroperitoneal 























































ANEURYSM OF RENAL ARTERY AS A CAUSE OF HYPERTENSION 225 


hemorrhage from a ruptured renal aneurysm 
and died without operation ; his blood pressure 
rose to 330 millimetres of mercury, systolic, and 
198 millimetres, diastolic. Pastor et alit (1955) 
report the case of a man aged thirty-six years, 
with a preoperative blood pressure of 220 
millimetres of mercury, systolic, and 150 
millimetres, diastolic. The diagnosis was made 
by translumbar aortography. Nephrectomy 
was performed. At the follow-up examination 
two years later the figures were 130 millimetres 
of mercury, systolic, and 80 millimetres, 
diastolic. The effect of nephrectomy in some 
reported cases is shown in Table I. 


REPORT OF A CASE 


A.H., a male patient, aged four years, was admitted 
to the Home of Compassion Hospital, Island Bay, 
Wellington, on July 12, 1953. One month previously 
he had been taken to consult the family physician on 
account of listlessness, poor appetite and undue 
fatigability ; he was found to have apparent cardiac 
enlargement, and his blood pressure was 180 milli- 
metres of mercury, systolic, and 100 millimetres, 
diastolic. On his admission to hospital, he was 
described as an intelligent, cooperative child, of pale 
complexion, average nutrition, weighing 35 pounds 
and without subjective complaints. 

The apex beat was in the fourth intercostal space 
in the anterior axillary line. The impulse was 
thrusting. The heart sounds were normal and there 
were no murmurs. The blood pressure in the right 
arm was 180 millimetres of mercury, systolic, and 105 
millimetres, diastolic, and in the left arm 195 milli- 
metres of mercury, systolic, and 105 millimetres, 
diastolic. The femoral pulses were present and not 
delayed. Examination of the optic fundi revealed 
generalized slight constriction of arteries, but no 
retinopathy. The urine, of specific gravity 1022, 
contained no albumin and the deposit was normal on 
microscopic examination. The hemoglobin value was 
15°5 grammes per 100 cubic centimetres, the erythro- 
cyte sedimentation rate 15 millimetres in one hour, and 
the total non-protein nitrogen concentration 30 milli- 
grammes per 100 cubic centimetres. The electro- 
cardiogram was normal for the child’s age. X-ray 
examination revealed slight enlargement of the left 
ventricle. Excretion pyelography revealed no 
abnormality. 

Over the next four weeks the casual blood pressure 
readings settled down to an average of 160 millimetres 
of mercury, systolic, and 100 millimetres, diastolic, 
with little variation from this level. On one occasion 
only examination of the urine revealed a trace of 
albumin, with a few leucocytes and hyaline casts. On 
four occasions the child vomited for some unknown 
reason; the blood pressure was not recorded at the 
times of these attacks. The retine continued to show 
arterial constriction only ; the urinary urea concentra- 
tion was three grammes per 100 cubic centimetres. 
Retroperitoneal air insufflation revealed no abnor- 
mality. 

‘“‘ Piperoxane ’’ was administered intravenously on 
two occasions; on the first of these the child was 
emotionally distressed owing to some difficulty in 
introducing the needle; and a rapid rise of blood 
pressure to 240 millimetres of mercury, systolic, and 
190 millimetres, diastolic, was recorded; seven 
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minutes later it had fallen to 190 millimetres of 
mercury, systolic, and 120 millimetres, diastolic. 
On the second occasion a moderate rise above resting 
levels was obtained. 

Translumbar needle aortography was carried out on 
September 8, 1953, with the idea of demonstrating the 
suprarenal arteries ; the examination was reported as 
giving no useful information. 

From this time onwards there was a rapid deteriora- 
tion in the child’s condition. He was generally 
miserable; he had a transient left-sided pleural 
effusion; but the most disturbing feature was a 
pronounced increase in the blood pressure. Within 
three days of the investigation the readings were 184 
millimetres of mercury, systolic, and 120 millimetres, 
diastolic (contrast the figures of 160 and 100 previously), 
and on the two days immediately after this again 
they were 190 and 220 millimetres of mercury, systolic, 
and 130 and 150 millimetres, diastolic, respectively. 

An attempt was made to control this hypertensive 
state by administering pentolinium bitartrate by 
mouth. An occasional apparent fall to normotensive 
levels was recorded by members of the nursing staff 
with the patient standing ; but for the most part the 
readings in this posture were 180 millimetres of 
mercury, systolic, and 120 millimetres, diastolic, 
despite doses which induced troublesome side-effects. 




















TABLE II 
Blood Pressure 
(Millimetres of Mercury) 
Time of Estimation 
Systolic Diastolic 
Before administration of ‘‘ Pentothal ” 230 180 
After administration of ‘‘ Pentothal” 220 190 
After administration of 10 milligrammes 
of hexamethonium bromide 180 150 
After administration of 80 milligrammes 
of hexamethonium bromide 170 130 
Abdominal exploration was decided on. It was 


considered by all who had examined the patient that a 
pheochromocytoma was the most likely diagnosis, 
in spite of the evidence to the contrary. In view of 
the probable exacerbation of the hypertensive state 
during the operation, it was thought wise to investigate 
the value of hexamethonium bromide administered 
intravenously, under ‘‘ Pentothal’’ anesthesia. The 
not very satisfying results shown in Table II were 
obtained. 

Three days later surgical exploration of the abdomen 
was performed under general anesthesia—induction 
with “ Pentothal’’, followed by nitrous oxide and 
oxygen. Continuous blood-pressure readings were 
obtained throughout, as also frequent electrocardio- 
graphic recordings. Immediately the child was 
anesthetized, pronounced tachycardia developed, and 
the blood pressure was recorded as 230 millimetres of 
mercury, systolic, and 200 millimetres, diastolic, 
rising within five minutes to 294 millimetres of mercury, 
systolic, and 278 millimetres, diastolic. It was 
considered that the situation was sufficiently desperate, 
in spite of the unpromising results of previous observa- 
tions, to warrant an attempt to reduce the blood 
pressure level with hexamethonium bromide; conse- 
quently massive doses of this drug were administered 
intravenously, the surgeon meanwhile standing by. 
By the end of half an hour the readings were 212 
millimetres of mercury, systolic, and 150 millimetres, 
diastolic, at which point the necessary incision was 


made. From then on the levels remained at between 
300 and 212 millimetres of mercury, systolic, and 
220 and 150 millimetres of mercury, diastolic, with 
pronounced exacerbations whenever either the kidneys 
or the adrenals were palpated. Exploration was 
hampered by intestinal distension, a side-effect of the 
hexamethonium; tachycardia remained extreme 
throughout. 

The exploring surgeon considered that the left 
adrenal was rather large; he did note in passing that 
the left renal artery seemed unduly pulsatile, but the 
significance of this observation was not recognized, 
and so he removed the left adrenal. Just before the 


dissection necessary to mobilize the gland was made, 





Ficure I 
Kidney, showing renal artery aneurysm at hilum 


the blood pressure was recorded as 218 millimetres of 
mercury, systolic, and 150 millimetres, diastolic ; 
during the dissection and manipulation of the gland 
it rose to 246 millimetres of mercury, systolic, and 
200 millimetres, diastolic. Immediately the adrenal 
artery was clamped it fell to 218 millimetres of mercury, 
systolic, and 154 millimetres, diastolic, remaining 
at that level for twenty minutes, uninfluenced by the 
actual removal of the gland. However, from then on 
there was a progressive fall, so by the time the abdomen 
was closed the readings were 174 millimetres of 
mercury, systolic, and 110 millimetres, diastolic. 
However, by this time it was apparent that the 
myocardium was failing, the electrocardiogram showing 
the pattern of acute coronary insufficiency. Thirty 
minutes later the blood pressure was 100 millimetres 
of mercury, systolic, and 76 millimetres, diastolic. 
Shortly after this the electrocardiogram showed 
ventricular fibrillation, so that death soon followed. 
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Autopsy 
An autopsy conducted by Dr. J. O. Mercer, Senior 
Pathologist, Wellington Hospital, whose findings 
were as follows : 
The body was that of a boy aged four years, of 
average stature and normal nutrition. There was a 
recent operation wound in the upper part of the 





FicurE II 


Kidney dissected to show branches of renal artery 
and the aneurysm 


abdomen. There was no free fluid or blood in the 
peritoneal cavity. The large bowel was moderately 
distended. The left adrenal gland had been removed. 
No tumour or thickening could be felt in either adrenal 
area, but when the left kidney was removed, a firm 
swelling could be felt at the hilum (see Figure [). 
When this was dissected out, it was found to be a 
solid spherical mass with a smooth surface and approxi- 
mately 1:5 centimetres in diameter. It fitted into 
the concavity at the hilum of the kidney. The pelvis 
and ureter were not involved, nor was the renal vein ; 
but the mass was intimately related to the renal artery. 

After fixation the tumour was dissected out, and 
clearly it was an aneurysm of the renal artery. An 
anatomical dissection of this was carried out on 
December 22, 1953, by Dr. W. R. Morris, of the 
Department of Anatomy of the Otage Medical School 
(Figure IT). 

Dr. Morris reported that before entering the sinus 
of the kidney the renal artery divided into two branches. 
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The lower immediately expanded into an aneurysm 
approximately two centimetres in its greatest diameter. 
From this the branch continued for one centimetre 
before dividing into its terminal branches. It lay 
behind the ureter and was distributed less widely 
than the upper branch. The latter had a very narrow 
lumen at its origin, where it lay in contact with the 
aneurysm, but it soon reached normal calibre. After 
a course of one centimetre it gave off two collaterals 
to the adjacent upper pole of the kidney, and continued 
for a further centimetre before dividing into its terminal 
branches. 

The renal vein divided into upper and lower branches, 
which were evenly distributed. Dissection of the 
kidney with the aid of a lens revealed no further 
abnormality in its blood supply. 


Sections were made of a stretch of the lower branch 
beyond the aneurysm and of a segment of the upper 
branch (these being stained with hematoxylin and 
eosin and with resorcin fuchsin), and also of a piece of 
cortex adjacent to the sinus, of a piece of the middle 
of the kidney and of a piece of the lower pole. These 
were stained with hematoxylin and eosin only. 

The upper branch of the renal artery was a normal 
muscular artery with a well-developed internal elastic 
lamina. The lower branch was likewise normal. 
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Figure III 


Section of apical portion of heart, to show hyper- 
trophied left ventricle 


Examination of the lower branch revealed some 
splitting of the internal elastic lamina. 

Histological examination of both kidneys was made 
both by Dr. Mercer and Dr. Morris, and no arterial 
changes were observed such as one might expect to 
find in a case of severe hypertension. 

The right adrenal gland appeared normal. Examina- 
tion of the kidneys did not show any departure from 
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normal on naked-eye examination. No chromaffin- 
like tissue was found in the body. In the heart there 
was gross concentric hypertrophy of the left ventricle, 
but no other change (Figure III). The weight of the 
heart was 130 grammes. The lungs appeared healthy, 
but there was a minor degree of collapse of the left 
lung. The brain was swollen and weighed 1600 
grammes. Three parathyroid glands of normal size 
and appearance were found. The thyroid gland 
appeared normal, and there were no changes in the 
pancreas. A microscopic examination of both kidneys 
revealed normal parenchyma. 


SUMMARY 


Attention is drawn to aneurysm of the renal 
artery or of its branches as a cause of hyper- 
tension, especially in very young subjects. 

A case of this condition is reported in a 
child, aged four years ; the lesion was discovered 
at autopsy, having been missed in the aortogram. 

An exacerbation of the hypertensive state 
seemed to follow aortography, and was only in 
part reduced by ganglion-blocking drugs. 

During surgical exploration of the abdomen, 
intense tachycardia and a phenomenal degree 
of hypertension developed ; left adrenalectomy 
was carried out. Soon after the abdomen had 
been closed, acute coronary insufficiency 
developed with a progressive fall of the blood 
pressure to hypotensive levels; ventricular 
fibrillation and death ensued. 
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Proceedings of The Royal Australasian College of Physicians 





ANNUAL MEETING, 1956 


The Annual Meeting of the College in 1956 was 
held in Wellington, New Zealand, from March 20 to 23. 
It was attended by Fellows and Members representative 
of all the Australian States and of New Zealand. 


The President, Dr. E. G. Sayers, was in the chair. 
The President of The American College of Physicians, 
Dr. George F. Strong, was present at the meeting. 


COLLEGE CEREMONY 


The Annual Ceremony of the College was held in the 
Academy Gallery of the National Art Gallery, Wel- 
lington, on Wednesday, March 21, 1956, in the presence 
of Their Excellencies the Governor-General of New 
Zealand and Lady Norrie. An audience of 600 was 
present. 

In giving the Presidential Address (see New Zealand 
Medical Journal, June, 1956, page 307), the President 
welcomed Their Excellencies the Governor-General 
and Lady Norrie, the Prime Minister and Mrs. Holland 
and the President of The American College of Physicians 
and Mrs. Strong. He outlined the history of the 
College and its aims, particularly in relation to its 
development in New Zealand, and spoke in conclusion 
of the fundamental principles and ideals upon which 
the College is founded. 

Addresses were then given by His Excellency the 
Governor-General, Lieutenant-General Sir Willoughby 
Norrie, G.C.M.G., G.C.V.O., C.B., D.S.O., M.C., and 
by the Prime Minister of New Zealand, the Right 
Honourable S. G. Holland, C.H., P.C., M.P. 


Conferring of Honorary Fellowship 

The Censor-in-Chief presented to the President for 
admission as an Honorary Fellow of the College 
Dr. George F. Strong, in the following terms : 

“As Censor-in-Chief of the College I have the 
honour to present to you George Frederic Strong, 
Doctor of Medicine, Honorary Doctor of Science, 
University of British Columbia, Honorary Doctor of 
Laws, University of Toronto, Fellow of the American 
College of Physicians, Fellow of the Royal College of 
Physicians of London, Fellow of the Royal College of 
Physicians of Canada, Clinical Professor of Medicine 
at the University of British Columbia. 

“Dr. Strong is a Past President of the American 
Medical Association and at this moment holds the 


high office of President of the American College of 
Physicians. 
““Mr. President, I present George Frederic Strong 
for admission to the Fellowship, honoris causa.” 
The President then formally admitted Dr. Strong 
to Honorary Fellowship of the College. 


Ceremonial of Admission 


The ceremonial of admission of an Honorary Fellow 
was followed by the presentation of newly admitted 
Fellows and Members. 


Arthur E. Mills Oration 


Dr. George F. Strong then delivered the Arthur E. 
Mills Memorial Oration, ‘‘ The Changing Aspects of 
Medicine’; this will be published later in full in 
The Medical Journal of Australia. In his opening 
remarks Dr. Strong expressed the feeling that the 
invitation to deliver the Oration was further evidence 
on the part of the College to bring about closer relations 
between the American and Australasian Colleges. 
It was the first occasion on which the President of the 
American College had had the privilege of attending 
an annual meeting of the Australasian College during 
his term of office, and he hoped that such visits would 
occur again. Although he felt that some of his 
predecessors could have acquitted themselves more 
ably in the assignment, Dr. Strong said that none 
could have brought more sincerity to the wish that 
as the years passed the two Colleges would continue 
to be joined in closer and closer harmony. 


Conclusion of the Ceremony 
At the conclusion of the Ceremony guests were 
entertained at supper in the Blue Room of the National 
Art Gallery. 


SCIENTIFIC SESSIONS 


Two scientific sessions were held in the Lecture 
Theatre of the National Art Gallery. The following 
contributions were given: ‘‘ Dunedin Experience 
with the Clinical Use of Radio-Active Iodine’’, by 
Sir Charles Hercus ; ‘‘ Cardiac Pain ’’, by C. H. Fitts ; 
“ Statistical and Serological Study of Poliomyelitis 
in New Zealand’’, by Professor J. E. Caughey ; 
“ Alterations in the Re-Activity of Blood Vessels in 
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Renal and Other Forms of Experimental Hyper- 
tension ’’, by E.G. McQueen ; “‘ Post-Commissurotomy 
Syndrome’’, by J. Kempson Maddox; “ Renal 
Hypertension ’’, by C. R. Burns. 


A lecture was delivered by Dr. George Strong on 
the subject ‘“‘ The Relationship of Effort, Usual and 
Unusual, to Myocardial Infarction ’’. 
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CLINICAL MEETINGS 


Clinical meetings were held at the Wellington 
Hospital, and the following demonstrations were 
given: ‘‘ Hyperparathyroidism with Large Para- 
thyroid Adenomas ”’, J. V. Cable ; ‘‘ Collagen Disease ’’, 
G. F. Hall; ‘‘ Nephrosis’’, N. R. Mackay; “ Car- 
cinoma of Breast with Widespread Metastases ; 


COLLEGE 


The College Dinner was held at the Royal Oak Hotel, 
Wellington, on the evening of Thursday, March 22, 
1956, the guest of honour being the President of the 
American College of Physicians, Dr. George Strong. 
The toast of the College was proposed by Dr. Bruce 


Hypophysectomy”’, J. D. Willis; ‘‘ Pulmonary 
Embolism in Pregnancy ’’. G. P. Hallwright ; “ Eisen- 
menger Complex and Pregnancy’’, M. Watson; 
“* Boeck’s Sarcoid with Involvement of the Heart”, 
J. L. Adams; ‘“ Acute Idiopathic Pericarditis Pro- 
gressing to Constrictive Pericarditis ’’, I. Prior. 


DINNER 


Hunt, a Vice-President, and acknowledged by the 
President, who then proposed the toast of the American 
College of Physicians and its President. Dr. George 
Strong replied to this toast. 


OFFICE-BEARERS 


The following is the constitution of the Council for 
the period 1956-1958 : 

President: E. G. Sayers. 

Vice- Presidents : Bruce Hunt, Clive Fitts and C. R. 

Burns (New Zealand). 

Censor-in-Chief : T. M. Greenaway. 

Honorary Treasurer: W. P. MacCallum. 

Honorary Secretary: H. Maynard Rennie. 

Elected Councillors : Fellows: Sir Charles Blackburn, 
J. E. Clarke, A. Holmes a4 Court, Professor Lorimer 
Dods, Clive Fitts, T. M. Greenaway, J. G. Hayden, 
F. Ray Hone, Bruce Hunt, J. A. D. Iverach, Guy 
Lendon, Sir Alexander Murphy, K. B. Noad and 
Morvyn Williams ; Member: D. S. Stuckey. 

Executive Committee, 1956-1957: E. G. Sayers 
(President), C. H. Fitts (Chairman), W. P. MacCallum 


(Honorary Treasurer), H. Maynard Rennie (Honorary 
Secretary), T. M. Greenaway, A. Holmes a Court, 
C. G. McDonald and K. B. Noad. 


Board of Censors 
Censor-in-Chief : T. M. Greenaway. 
Australian Board: Eric Clarke, J. L. Frew, F. Ray 
Hone, A. W. Morrow, K. B. Noad and C. B. Sangster. 
New Zealand Board: Professor F. H. Smirk (Senior 
Censor for the Dominion), C. R. Burns, Professor 


J. E. Caughey, S. L.. Ludbrook, E. H. Roche and 
J. M. Twhigg. 


Honorary Archivists 


Dr. S. A. Smith has been appointed Honorary 
Archivist of the College for Australia and Dr. W. E. 
Henley Honorary Archivist for New Zealand. 


EDITORIAL COMMITTEE OF “‘ AUSTRALASIAN ANNALS OF MEDICINE ” 


The Editorial Committee of AUSTRALASIAN ANNALS 
OF MEDICINE was reappointed for the period 1956-1958. 
It is constituted as follows: A. Holmes a Court 
(Chairman), Mervyn Archdall (Editor), Ralph Reader 
(Honorary Secretary), B. C. Sinclair-Smith (Assistant 
Honorary Secretary), Professor C. R. B. Blackburn 
and Professor E. Ford. 

The editorial representatives are as follows: E. G. 
Sayers, Professor F. H. Smirk, J. O. Mercer and 


M. K. Gray of New Zealand ; Sir Alexander Murphy 
and Ian Mackerras of Queensland; J. L. Grove and 
Ralph Whishaw of Tasmania; Professor A. A. Abbie, 
Professor H. N. Robson and E. B. Sims of South 
Australia; Sir Macfarlane Burnet, T. E. Lowe and 
A. J. M. Sinclair of Victoria ; Cyril Fortune and Eric 
Saint of Western Australia. 


DoMINION AND STATE COMMITTEES 


The Dominion and State Committees for the period 
1956-1958 are as follows: ; 

New Zealand: M. K. Gray (Chairman), C. G. Riley 
(Honorary Secretary), J. F. Landreth (Honorary 
Treasurer), C. R. Burns, J. E. Caughey, W. E. Henley, 
J. A. D. Iverach, R. H. Quentin-Baxter, E. G. Sayers, 
Morvyn Williams, J. A. K. Cunningham and D. M. 
Hanna. 

Queensland: Ellis Murphy (Chairman), W. G. 
Livingstone (Honorary Secretary), P. A. Earnshaw, 
Sir Alexander Murphy, Professor J. Tyrer. 

New South Wales: C. G. McDonald (Chairman), 
H. Maynard Rennie (Honorary Secretary), Sir Charles 
Blackburn, C. R. B. Blackburn, Innes Brodziak, 
W. A. Bye, A. W. Holmes a Court, M. F. Deck, Professor 
Lorimer Dods, Wilfred Evans, S. J. M. Goulston, 
Bruce Hall, John Halliday, K. S. Harrison, Cotter 
Harvey, James Isbister, Richmond Jeremy, W. P. 
MacCallum, A. W. Morrow, K. B. Noad, Ralph Reader, 
D. S. Stuckey, Eric Susman, Edgar Thomson. 


Victoria ; Clive H. Fitts (Chairman), H. W. Garlick 
(Honorary Secretary), Bryan Hudson (Assistant 
Honorary Secretary), J. J. Billings, J. E. Clarke, M. V. 
Clarke, J. L. Frew, J. G. Hayden, W. W. S. Johnston, 
H. B. Kay, W. E. King, T. E. Lowe, A. J. M. Sinclair, 
R. Southby, S. W. Williams, D. A. Alexander, G. C. 
de Gruchy, T. H. Hurley, A. V. Jackson, A. C. Newall. 


South Australia: Guy Lendon (Chairman), Mark 
Bonnin (Honorary Secretary), M. E. Chinner, M. T. 
Cockburn, G. Ch. de Crespigny, E. F. Gartrell, J. L. 
Hayward, K. S. Hetzel, F. Ray Hone, E. McLaughlin, 
C. B. Sangster, C. C. Jungfer. 


Western Australia: Bruce Hunt (Chairman), I. S. 
Wallman (Honorary Secretary), Cyril Fortune, J. G. 
Hislop, H. K. Pawsey. 


Tasmania : J. L. Grove (Chairman), Ralph Whishaw 
(Honorary Secretary), W. E. L. H. Crowther, P. 
Dorney, M. W. Fletcher, L. W. Knight. 
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MEMBERSHIP 


Admission of Fellows. The following Fellows were 
admitted under Article 42 on March 21, 1956, after 
election by the General Body of Fellows: Otto S. 
Hirschfeld of Queensland; S. P. Bellmaine, A. E. 
McGuinness, R. B. Perkins of New South Wales ; 
A. J. Barnett, J. J. Billings, H. W. Garlick, D. R. 
Gauld, E. A. North, R. F. A. Strang of Victoria ; 
R. T. Binns, E. B. Sims of South Australia; E. G. 
Saint of Western Australia. 

Admission of Members. The following candidates 
who were successful at an examination held in Wel- 
lington, New Zealand, in March, 1956, were admitted 
to Membership on March 20, 1956: J. Apthorp, D. W. 
Beaven, M. I. Bostock, D. S. P. Dickson, P. Fleischl, 
G. L. Glasgow, J. V. Hodge, M. J. A. McDonald, 
J. D. Sinclair, A. R. Stone, V. I. E. Whitehead, A. C. H. 
Wilkinson. 

The following candidates, who were successful at an 
examination held in Australia in May-June, 1956, were 


admitted to Membership on June 15, 1956: P. N. 
Francis, J. E. Hassall, W. B. Hennessy, J. W. Lance, 
P. J. Maloney, B. J. Smith of New South Wales ; 
J. M. Bradley, R. E. Seal of Victoria; W. J. Hickey, 
I. J. McKelvie of Queensland ; M. D. Begley, H. Lander 
of South Australia; J. B. Stokes of Western Australia. 


Honour. The honour of Commander of the Order of 
Saint Michael and Saint George was bestowed by 
Her Majesty the Queen upon the President, Dr. E. G. 
Sayers. 

Obituary. The Council records with regret the 
death of Dr. R. S. Ellery, of Victoria, Dr. R. Scot 
Skirving and Dr. W. L. Kirkwood, of New South 
Wales, and Dr. H. R. Love, of Queensland, who were 
Fellows, and of Dr. K. G. Chatfield, of Victoria, who 
was a Member of the College. 


Membership Roll. The College now has a roll of 
320 Fellows and 484 Members. 


GENERAL 


Visit of His Excellency the Governor-General of 
Australia. His Excellency the Governor-General of 
Australia, Field Marshal Sir William Slim, honoured 
the College by paying it a formal visit on the afternoon 
of Friday, June 15, 1956. His Excellency was received 
by Dr. Clive H. Fitts, as a Vice-President, and by 
members of the Council and of the Australian Board 
of Censors. After afternoon tea in the Council Room, 
His Excellency inspected the Stawell Hall and offices. 

Sir Arthur Sims Commonwealth Travelling Professors. 
Sir Lionel Whitby, Regius Professor of Physic in the 
University of Cambridge, visited Australia and New 
Zealand as Sir Arthur Sims Commonwealth Travelling 
Professor from May to August, 1956. He was accom- 
panied by Lady Whitby, and visited all States of the 
Commonwealth and all centres in New Zealand. 


The appointment has been announced of two Sims 
Travelling Professors for 1957. They are Professor 
Sir James Paterson Ross of London, who will visit 
Australia and New Zealand, and Professor W. M. 
Arnott of Birmingham, who will visit Canada and 
South Africa. 


Representatives of the College. The following have 
been appointed as College Representatives: P. J. 
Parsons on the Anti-Cancer Council of Victoria ; 
Sir Alexander Murphy on the Queensland Post- 
Graduate Committee ; C. G. McDonald on the Selection 
Committee of the Mater Misericordie Hospital, 
Waratah, New South Wales; K. J. Grice on the 
Education Committee of the College of Nursing, 
Australia. 
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